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-4ulvalent leachiisg times in the field. The correlation allowed employing this
serial batch extraction procedure to perform accelerated testing: the described
series of seven extractions allowed simulating years of field leaching in a
f3w weeks of laboratory extractions.

Samples of wastes were collected from the following industries: zinc-
carbon battery manufacturing, titanium dioxide pigment production, hydrofluoric
acid manufacturing, white phosphorus production, oil re-refining, and two
from zinc secondary-refining (cinders and scrubber-waste). -fter analyzing
these wastes to determine the content of potentiblly hazardous- rganlc Ions,
they were examined by the graded serial batch extraction procedure. Water
extracts of these wastes were applied to Chalmers, Davidson, and Nicholson
soils. The analysis of the resulting solutions for pH, conductivity, and
concentrations of specified hazardous ions before and after contact with these
clay soils allowed calculating distribution coefficients (the slobes of adsorp-
tion isotherms),wpenetration- rIczov's, the 7raction of each ion retained on the
sofls, the amount flushed off from a soil by the passage of a later extract,
the yield of an ion per unit weight of waste, and the amourt of an ion pene-
trating and re•ained by a unit welght of soil. The effect of soil-to-waste
ratio on thefe measurements was also obtained. e limitations and 3pplica-
bility of empirical equations and predictina mode i also discussed.
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ABSTRACT

The initial objective of this work was to measure the leachability of
selected wastes and determine the attenuation characteristics of certain soils.
hit, because the distribution of an ion between a waste leachate and a soil
depends upon the composition of the leachate and the prior history of the soil
(both of which change as leaching progresses and as more soil is penetrated),
it was necessary to develop an experimental approach capable of simulating this
dynailcally-changing situation. Column studies were too time-consuming and
inflexible.

Successive extracts of a waste were used to challenge a sequence of three
soil batches. The soil batches were graded in size to allow analyzing samples
of the extracts between each step. The extractiobo volumes were related to
equivalent leaching times in the field. The correlation allowed employing this
serial batch extraction procedure to perform accelerated testing: the described
series of seven •xtractions allowed simulating years of field leaching in a
few weeks of laboratory extractions.

Samples of wastes were collected from the following Industries: zinc-
carbon battery manufacturing, titanium dioxide pigment production, hydrofluoric
acid manufacturing, white phosphorus production, oil re-refining, and two
from zinc secondary-refining (cinders and scrubber-waste). After analyzing
thre wastes to determine the content of potentially hazardous inorganic ions,
they were extmined by the graded serial batch extraction procedure. Water
extracts of these wastes were applied to Chalmers, Davidson, and Nicholson
soils. The analysis of the resulting solutions for pH, conductivity, and
concentrations of specified hazardoui ions before and after contact wit.) these
clay soils allowed calculating distri•ution coefficients (the slopes of adsorp-
tion isotherms), penetration factors, tne fraction of each ion retained on the
soils, the amount flushed off from a soil by the passage of a later extract,
the yield of an ion per unit weight cf waste, and the amount of an ion pene-
trating and retained by a unit weigh'; of soil. The effect of soil-to-waste
ratio on these measurements was also obtained. The limitations and applica-
bility of empirical equations and prediction models is also discussed.

This study was part ef a major research program investigating the leach-
ability of a number of industrial wastes and the mitgration of hazardous com-
ponents through soil. The work was funded by the Environmental Protection
Agency, Municipal Environmental Research Laboratory, Solid and Hazardous Waste
Division, Cincinnati, Ohio 45268, under Interagency Agreement EPA-IAG-04-0443.
This report covers experimental work done during the period July 1976 to Feb-
ruary 1978.
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SECTION 1

INTRODUCTION

As concern incredses about protecting the environmnt from the effects
lmvf ipoper and/or indiscriminate dumping of potentially hazardous wastes,

regplations are promulgated regading final disposal of these wastes. The
i~et of these regulations is ,r pFevent incidents, surw as contamination of
Sdor surfce waters., that dversely affect ani. I or plant life.

a waste Is not necasurtlymhazardous just beca64e it contains toxic
s$stances. It my be possible to dispose of certain types of these wastes
vfth little or no pretreatment simply by placing them in landfills. Other
%Ws of waste, so doubt, will require either extensive treatment or storage
In 4 specially designed disposal site. Before these Judgments can be made,
A66 type of waste mst be cW.-acterized as to the amount and leachability of
"the toxic substaaces it contains.

The ability of a soil to retard the movement of chemical substances
leachod from r waste is one of-the important factors in designing and select-
in rg a dispotral site for each type of waste. Unless the soil can adequately
-tard wItte leachMte movement or remove the toxic substances from the leach-

-* :a. contm1rIatio I of g d-wa•t, may result. The chemical and physical
composition of a soil are the primary factors determining the soil's effective-
ness for shielding ground-water frcm contamination. However, the composition
oF the waste wM environmentl factors such as annual precipitation, are also
Ver i t . These factors may be of equal or greater importance than the
soil cmposition if a very soluble waste containing large quantities of toxic
substames Is imprprly disposed of.

Before the movement of contaminants through soil can be evaluated in
quantitative term, it is necessary to have at least a qualitative picture of
the Important aspects of the process. As a waste is leached by precipitation
Wd other surface water, components in it are depleted. This generally will
cause each succeeding volume of extract to have a different cImposition. The
most soluble chemicals will leach out first, so the initial washings usually
contain the highest concentrations of 3alts as shown in Figure 1. Besides
being challenged by a changing solution, the soil's ion-removal character-
istics continually change with time as the soil becomes conditioted and
loaded by the passage of waste extracts. Since each portion of waste is
changed by passage 'through a segment (layer) of soil, the conditioning each
succeding segment of soil receives is different and each segment therefore
my remve different proportions of the various ions present in the waste
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extract. So although the soil segments start out the same, in effect they
became different soils due to the passage of the different waste extracts.

The soil may remove ions from the waste, but the waste extract can also
displace ions from the soil. This release of ions originally present in the
soil can shift with quantity and type of ions present in the extract. The
soil may also give up ions that it previously had removed from the extract,
because the soil's characteristics can change due to the passage of the
waste-extract solution which, as mentioned above, changes with depth and with
extent of leaching.

OBJECTIVES

The initial objective of this work was to measure the leachabilitj, of
selected wastes and determine the attenuation character^istics of certain
soils. But to be able to correctly evaluate this dynamically changing
situation, it was necessary to design an experimental approach that takes
into account the changes in the nature of the soil and the changes in the
total comp$sition of the waste extract as leaching progresses. For future
applications, this laboratory procedure should also be rapid and versatile to
facilitate examining the effect of other variables of potential importance in
a field situation. Such a procedure would be usable for research irttended to
1mprove land disposal technology and to provide input data for prediction
equations. It would also allow rapidly measuring the leachability of hazard-
ous materials from a waste and determining the effectiveness of soils under-
lying a potential disposal site.

EXPERINENTAL PROCEDURE

A graded serial batch extraction procedure was developed for rapidly
determining the leachability of wastes and the attenuation characteristics of
soils. In this experimental approach, a weighed amount of waste is extracted
by a specified amount of water, then, after remaining in contact long enough
to equilibrate, the waste extract is filtered, a sample is taken for analysis,
and a measured volume of the extract is placed on a certain weight of soil.
This soil slurry is equilibrated, filtered, a sample of the extract is taken
for analysis, and a volume of the remaining extract is placed on a lesser
amount of soil. (This is to allow maintaining a constant liquid-to-solid
ratio in spite of having taken a sample.) The proress is again repeated with
a third even smaller batch of soil. Meanwhile, the origina:l extracted waste
is treated with a second, larger, volume of water and this extract is passed
"down through the same three batches of soil, in succession. This process is
repeated until the desired number of extractions have been performed.
Depending upon the rate of movement of the liquid front at the field site of
interest, the series of seven extractions utilized for this work were the
equivalent of from two months (at lO" cm/sec liquid front velocity in the
pores) to 17 years (at 10-6 cm/sec pore water velocity) of leaching.

Samples of wastes were collected from the following industries: zinc-
carbon battery manufacturing, titaniunm dioxide pigment production, hydrofluoric
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acid manufacturing, white phosphorus production, oil re-refining, and two

ful zinc secondary-refining (cinders and scrubber-waste). After jinalyzingF>. the" wastes to determiu the content of potentially hazardous inorganic
tons, they were examined by the graded serial batch extraction procedure.
Water extracts of these wastes were applied to Chalmers, Davidson, and
,liholson soils. The analysis of the resulting solutions for pH, conductiv-
ity, and concentrations of specified hazardous ions before and after contact
with the soils allowed calculating distribution coefficients (the slopes of
adsorption isotherms), penetration factors (the reciprocal of attenuation
factor), the fraction of each ion retained on the soils, the amount flushed
off from a soil by the passage of a later extract, the yield of an ion per
unit weight of waste, and the amount of an ion penetrating and retained by a
unit weight of soil (expressed in micrograms of the ion per gram of waste or
soil, which is numerically equivalent to grams per metric ton of approxi-
mately 2200 lbs.) The effect of soil-to-waste ratio on these measurements
was also obtained. Although characteristics of specific wastes and soils
were determined, the results cannot be considered as representative of each
type of waste studied, because only a single plant was sampled in each
industry.

4
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SECTION 2

CONCLUSIONS

POLLUTION PREDICTION TECHNIQUES

1. The current state of knowledge is not sufficient to allow formula-
ting a workable prediction model that includes all of the variables control-
ling ion movement in scils. The most reliable means for predicting the ef-
fects of a waste on adjacent or underlying waters at a proposed location is
to derive empirical equations from site-specific experiments which simulate
the important aspects of the field situation.

2. The concentraton of ions in the leachate from a waste changes over
time because the most soluble components of the waste are removed first and
the less soluble are released more slowly and over a longer period of time.
Because of this leaching behavior, and the fact that retention by soil de-
pftds upon both the current solution composition and the soil's history of
exposure, simplified solutions of constant composition should not be used
to simulate field conditions.

3. The retention of chemical species by.a soil depends upon mechanisms
other than lust adsor•tion and is affected by numaerous veriables besides tem-
perature, so the usual contaminant-soil adsorption isotherms are too limited
to be useful for determining the effects of waste disposal upon soil. Be-
cause the conditions for retention vary continually as a function of the
leaching of the waste and of the depth aatd pre-conditioning of the soil,
these factors must be included in the design of the experiments.

4. To assess the suitability of a site for disposing of a given waste,
the leaching behavior of the waste can be characterized and the ability of
the underlying soils to remove a chemical species fr-om the waste leachate
can be more conveniently and rapidly evaluated with properly designed serial
batch extractions thin with other techniques such as column rtudies. The
characteristics of the proposed graded serial batch extraction technique
also allows readily conducting the experiments required to evaluate alter-
native site management procedures in the usual situation where more than
one waste is to be placed in a site and where one kind of soil underlies
another.
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ZINC-CARBON BATTERIES.

1. The initial concentrations of cadmium, lead, mercury, and zinc in
the water extracts of broken zinc-carbon batteries were low to moderately
high comrared to the safe drinking water standards (listed in Table 14) and
the concentrations decreased f:;ther as leaching progressed.

2. After contact with clay soils (Chalmers, Davidson and Nicholson
soils), the waste leachata contained very low ccncentrations of these met-als.

TITANIUM DIOXIDE PIGMENT WASTE

1. hter extracts of this waste contained low to very low concentra-
tions of chromd,. lead and titanium. The compovnds containing these met-
als apparently were very insoluble, as only a few hundreths of a percent
dissolved during the entire series of seven extractions.

2. After contact with clay soils, the waste leachate contained very

low concentrations of these metals.

HYDRDFLUORIC ACID WASTE

1. The waste sample was taken prijr to the final neutralization in
the waste treatment process because some manufacturing plants do not include
this step.

2. Water extracts were highly acidic and '.ontained high concentrations
of fluoride. The seven extractions removed 56 percent of the total fluorine
in the waste.

3. Clay soils ware initially very effective in removing fluoride from
the waste leachate, but by the fourth extraction they were re'jeasing sub-
stantial mounts of fluoride previously retained.

4. Land disposal of acidic wastes containing fluorine will require
special attention because of the potential for fluoride movement in soils.

WHITE PHOSPHORUS WASTE

1. The water extracts were of high pH, although the concentrations of

fluorides and phosphorus-containing compounds were very low. '

2. Only a few tenths of a percent of the available fluorine and phos-
phorus were removed in the seven extractions, so the waste appeared to be a
long-term source of fluoride ion.

3. After continued exposure to the strongly basic leachate, the soils
lost their ability to reduce the pH and they also started to release pre-
viously-retained fluoride and phosphorus.

6



ZINC SECONDARY-REFINING CINDERS

1. These cinders had been laying in an open dumping area, so were al-
ready partly leached.

2. The water axtracts yielded low or very low concentrations of cad-
mium, lead, nickel, and zinc.

3. The sample tested was quite insoluble and only a few tenths of a
percent of lead, nickel, and zinc dissolved, and less than three percent of
th cadmium was reimoved by the seven extractions.

4. The effluents froui the soils contained very low concentrations of
these metals, although previously-retained cadmium was being released in the
later extractions.

ZINC SECONDARY-REFINING SLUDGE

1. Water eAtracts of the sludge from this industry produced a leachate
with a very high initial caidmium concentration which then dropped to a low
level. The clay soils passed only low levels of this metal, but began to
give up cadmium previously retained, indicating the possibility of poor per-
formance upon further exposure to this waste.

2. Lead was retained very well by all three clay soils and only low
concentrations penetrated them. The waste appeared to be a long-term source
of lead; the concentration of lead was moderately high in the waste extract
throughout the period of leaching, and although only 2.2 percent of the lead
was extracted during these tests, the waste is about 6.8 percent lead.

M•,- IL u& I was p- m ibt only III Very IUw concent,€ll on al d aft I ter pas-
sage through clay soils dropped below the detection limit.

4. The zinc salts were sufficiently soluble at first to give a solu-
tion of moderate zinc concentration, but it dropped to a low concentration
bj the seventh extraction. Although only three percent of the zinc dissolved
in this time, potentially leaving a long-term source (this waste was 38 per-
cent zinc), the concentration should be very low unless influenced by exter-
nal factors. The clay soils further reduced the zinc concentration, with
Nicholson and Chalmers soils retaining about 80 percent, and Davidson soil
50 percent of the cumulative challenge.

OIL RE-REFINING WASTE

1. Extremely low concentrations of beryllium were leached by water
from this organic waste but the highly acidic solutions were powerful dis-
placers of beryllium from the soils.

2. Boron appeared at moderately low concentration in the initial wa-
ter extracts. The ability of clay soil to remove boron from solution
dropped rapidly and the soils soon gave up previously-retained boron.
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3. The initial extracts contained moderite concentrations of cadmium.
The soil effluents usually contained higher concentrations than the chal-
lenges, showing that cadmium was displaced from the soils by components of
the highly-acidic extracts.

4. Chromium initially appoared at a moderate concentration, but the
soil extracts were always higher than the challenge, showing that the comn-
position of the extracts cased release of chromium from the soils.

5. Copper was eluted from the waste in very low concentrations, but
considerably more copper was displaced from the soils than was present in
the series of waste extracts.

6. Moderate concentrations of lead persisted in the waste extracts,
and lead was released from the soils in many of the extractions.

7. Very low concentrations of nickel were found in the waste extracts,
but these solutions displaced considerable amounts of nickel from the soils.

8. Very, very low concentrations of titanium leached out of this
waste. The acidic extracts displaced considerable titanium. from the soils.

9. Moderate concentrations of zinc were found in the initial extrac-
tions and although this elemet was retained by clay soil from the first
extract,, it generally was released by subsequent extractions throughout
the rMainder of the series.

8



SECTION 3

RECOMMENDAT IONS

1. The graded serial batch extraction technique should be used to con-

duct experiments designed to examine the following aspects of waste disposal:

The leachin~g of ions from combinations of wastes or wastes deposited
in sequence, and the net retention by soil of ions from these leachates.

The leaching and retention of ions when extractants other than dis-
tilled or deionized water are used - e.g., municipal landfillI leach-
ate or simulated acid rain.

The long term retention of ions by soil after overlying wastes have
ceased releasing ions. (Appendices C and D show preliminary studies
on the flushing by water of soils previously exposed to wastes, and
the effects of placing new waste on already leached wastes and soils.)

2. Because the distribution of ions between the soil and the solution
passing through it varies with the number of soil batches (which simulate
increased soil depth), work should be conducted with greater numbers of
batches to examne the ability to extrapolate to even greater depths of

e.'4 1 .. 44 %4£..t
sa!" in iatuigiu. thi

3. Rslsfothsprocedure should be compared with carefully-
planned field trials. Measurements should be made of the effects of those
factors that significantly affect the accuracy of extrapolation to a field
situation.

4. Because the first water extract of a waste removes the most solu-
ble components and commnonly contains the greatest amounts of toxic ions,
the feasibility of extracting waste solids once or twice with water (per-
haps then drying then to render hydrated species less soluble) and treating
washings separately should be examined as a way of greatly reducing the haz-
ard from disposal on land.

5. The serial batch extraction procedure can be used to study the ef-
fectiveness of various fixation processes for industrial wastes. The ac-
celerated testing capability it provides should allow rapidly estimating
the long-term ability of many kinds of processes to retard solubility.

9
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SECTION 4

METHODS AND MATERIALS

WASTE AND SOIL EXTRACTION METHOD A.

A sequence of seven extracts was made from each waste. Ordinarily a
sample of waste was dried to determine moisture content, then sufficient
undried sample was weighed to give 300 grams dry weight. (Drying the sample
could affect hydrated species and drastically reduce the solubility.) If the
waste had supernatant water, the volume of the water was considered as part
or all of the first extract. Appropriate volumes of water were added for
each extraction to produce the liquid-to-solid ratio given in the second
column of Table 1. The sample bottle was shaken gently 4 or 5 times daily
(continual mechanical shaking was not used because of concern that it might
abrade the waste agglomerates, making them more susceptible to extraction).
STh time requireK to reach equilibrium was determined by periodically with-
drawing an aliquot for analysis; 24 hours is adequate for most wastes of
small particle size. However, longer extraction was required for some
wastes. At the end of the extraction period, the mixture was filtered under
vacuum using a hardened filter paper (such as Whatman 54) in a Buchner
funnel. An aliquot of approximately 20 milliliters of the filtrate was
withdrawn for analysis of metals, etc. and filtered through a 0.5 u Millipore
flt.r to r v emo flie particles which might have by-passed the filter paper
and could dissolve when the sample was acidified (after measuring conductance
PH, and fluoride ion, one percent concentrated nitric acid was added to the
filtrate to inhibit precipitation while standing). The solid waste residue
was transferred back to the jar and mixed with the volume of water specified
for the next batch. The flow-chart of Figure 2 outlines the sequence of
operations.
TABLE 1. SPECIFICATIONS FOR SERIAL BATCH EXTRACTIONS (2)

Volume of Volume of Filtrate Onto a Soil (ml-
Extract- Water Water (ml) I II I-
ion Added Extracting 60 g 30 g 15 g
Number (ml/O) 300 g Waste Soil Soil Soil

1 2 600 120 60 30
2 3 900 180 90 45
3 6 1,800 360 180 90
4 12 3,600 720 360 180
5 24 7,200 1.,440 720 360
6 48 14,400 2,880 1,440 720
7 96 28,800 5,760 2,880 1,440

10
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In the procedure detailed here- the liquid-to-solid ratio was continu-
ally increased (Figure 3) to further accelerate the testing-the volume of
each extraction after the second one was made double the one before, which
redoubles the time represented by that extract (see discussion in Section
5). (With some wastes, adequate results may be obtainable by using very
large volumes right from the first, or, one or two extractions Lslng small
liquid-to-solid ratios, followed by a very large one as shown in Figure 4.
However, this would have to be checked for each kind of waste by comparison
with the more conservative series of extractions utilized in Table 1. Such a
procedure would allow rapid simulation of long leaching periods and could be
useful in the routine monitoring of variations in waste composition and
leachability.) (3)

The filtrate resulting from each sequential extraction of the waste was
mixed with the first of three batches of each kind of soil. The weights of
soil used were 60, 30, 15 grams, representing section I, II, and III,
respectively. This gradation in weight allows taking an aliquot of the
extract for analysis and having enough extract left over to challenge the
next soil batch at the same liquid-to-solid ratio. Extracting 300 grams of
waste yields sufficient solution to challenge three different kinds of soil
in experiments set up with the proportions stated in Table 1.

Although the soil equilibrates in six hours or less (4), each solution
ws kept in contact with the bitch of soil before filtration for the same
length of time as used to extract the waste. This was to keep the samples
progressing smoothly without gaps in the series. After filtering the soil
extract, an aliquot was refiltered through a Millipore filter and saved for
analysis. The appropriate volume of the remaining filtrate was added to the
next batch of soil. The soil exposed to the first waste extract was recovered
and mixed with the second waste extract in the series. This was
repeated until the waste had been extracted seven times and each waste
extract had progressed through all three soil batchE%. (An eighth extract
could have been made to further increase the equivalent leaching time.) This
procedure was run in duplicate.

NETHODS OF ANALYSIS

Conductance and PH

The pH and conductance of each waste and soil sample were measured using
the standard procedure specified in, "Manual of Methods for Chemical Analysis
of Water and Wastes". (5)

Fluoride Content

Dissolved fluoride was determined using ithe fluoride ion activity
electrode method (6). Total fluoride content of the wastes was measured
using the Dellack distillation method (7), followed by the fluoride electrode
method.

12
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Phlsphorus and Metal Content

Digestion of Wastes and Soils--

In order to determine the initial phosphorus and metal content of the
wastes and soils, they were subjected to an aqua-regia digestion. One gram +
one milligram of dried waste or soil was weighed into a 400 ml beaker.
Fifteen milliliters concentrated hydrochloric and five milliliters concentra-
ted nitric acid was added to each sample. The samples were covered with
watch glasses, placed on a hot plate at low heat, and evaporated (digested)
to incipient dryness, taking care to prevent boiling-over or splattering of
the digestion mixture. The samples were removed frowr the hot plate and
allowed to cool for five minutes. The watch glasses and the sides of the
beakers were washed down with distilled water. The acidity was adjusted by
adding two milliliters concentrated nitric acid and bringing the volume in
the beaker to 15 to 20 milliliters with distilled water. The samples were
placed back on the hot plate, left uncovered, and brought to a low boll. The
samples were then removed and allowed to cool for 15 minutes. They next were
Mfiltred through Whatman No. 54 filter paper into 50 milliliter volumetric

flasks. The residue in the beakers was washed 5 to 7 times with small por-
tions of distilled water, letting the washings pass through the filter
baboon washings. The volumetric flasks were then filled to volume. A
reagent blank was treated in the same manner.
Quantitative Analysis--

Mercury in undigested wastes and soils, and in the acidified batch extrac-
tion samples were measured using 4 Perkin-Elmer Model 303 Atomic Absorption
Spectrephotometer (AAS) equipped with the Perkin-Elmer Model 56 strip chart
recorder and a Perkin-Elmer Flameless Mercury Analysis System. The detection
limit was 0.02 micrograms mercury in 100 ml. The following operational
... =tag rs -e- us-a-

Wavelength - 253.7 nm;
Slit Setting - 4 (0.7 nm);
Light Source Perkin-Elmer hollow cathode lamp.

A stock standard solution of mercury was made by dissolving 1.080 grams
of Mercury (II) oxide in a minimum amount of (1:1) hydrochloric acid:distilled
water and dillted to one liter with distilled water. This equalled 1000
micrograms/milliliter mercury.

The other elements investigated in this study were measured using argon
plasma emission spectrophotometry. This technique offers several advantages
over the more conventional AAS technique. These are:

a. Increased sensitivity for certain elements due to higher excitation
temperature (6000* K in the working region of the plasma versus 30000 K for
MS flawm). An example of the effect of this temperature increase on various
elements can be found in the boron and phosphorus analyses. Boron can be
detemrned at concentrations as low as 0.1 microgram/milliliter by plasma arc
versus 6.0 micrograms/milliliter by AAS. Phosphorus can be measured as low
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as 0.5 micrograms/milliliter by plasma arc. This nlement can not be measured
by AAS at reasonable concentrations.

b. The method does not require a separate source for each element.
Instead, the flame excites the element, and the optics of the instrument
separates the specific wavelengths of light for each metal. By using an
array of photomultiplier tubes and a preselected wavelength cassette, the
spectrophotometer can be operated in a multi-element mode. This permits
measuring up to 20 elements simultaneously.

c. It requires only one gas: Nonflamable, nontoxic argon. This is a
distinct safety advantage over AAS.

The argon plasm emission method does have :ertain limitations.
Although it is possible to measure 20 elements simultaneously, it is difficult
to prepare one standard containing the desired quantities of twenty elements
without precipitating some elements. However, a standard was prepared which
contained one microgram/milliliter of beryllium, cadmium, chromium, copper, L

lead, nickel, titanium, and zinc and 10 micrograms/milliliter boron and 100

micrograms/milliliter magnesium. Phosphorus was prepared in a separate
staidrd at a concentration of 100 micrograms/milliliter. This multi-element
standard was acidified with concentrated nitric acid to one percent. In
addition, it was prepared with 2000 micrograms/milliliter lithium for the
reason discussed below.

One problem with the argon plasma emission method is the effect of
alkaline metals and earths (sodium, potassium, calcium, and magnesium) upon
the analysis of chromium, lead, and zinc. The effect usually appears as a
positive whancemmnt in the response from these elements and is read asK erniously high concentrations. Because relatively high concentrations of

lk line metals and earths were expected in some of the samples, it was
iperative that effect upon the argon plasma emission method be eliminated.
It has been reported that the enhancement can be suppressed through the
addition of lithium to each sample. This was investigated using several
concentrations of lithium. It was found that 2000 micrograms lithium/milli-
liter comletely suppressed the effect of the alkaline metals and earths upon
the chromium and zinc analyses and partially suppressed the effect upon the
lead analysis. It was determined that the lead analysis enhancement was
caused by magnesium, probably due to line spreading of a strong magnesium
line at 2802 Angstrom or a weak intensity line at 2852 Angstroms. These two
magnesium lines bracketed the analytical line for lead located at 2833
Angstro. This is not the optimum emission line available for lead but
potential emissions from other elements dictated selection of the 2833
Angstrom line if more severe interferences were to be avoided.

In order to analyze lead using the argon plasma emission ipectrophoto-
meter, a means of compensating for the magnesium enhancement was needed. A
three-level factorial experiment was run to quantitate the effect of mag-
nesium and the magnitude of interactions. A correction-equation was derived
for the instrument by regression analysis so that by measuring the magnesium
concentration and the apparent lead concentration, the actual lead concen-
tratici could be obtained. The reliability of this method was tested by
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analyzing samples for magnesium and lead and applying the results tc the
correction equation. Tne samples were then analyzed by AAS. Comparison of
the rasults from both methods showed good agreement.

The precision and sensitivity of the argon plasma emission method for
the elements of interest was determined using the multi-element standat-ds
(except for phosphorus). The results are shown in Table 2. The lowest
concentration of each element listed in this table is approximately the
detection limit of the argon plasma emission equipment used in this study.
However, the ability to quantitate at these levels was only fair. The
higher concentration listed for each element was therefore considered the
"operationalm-detection limit for the method. These multi-element standards
we- relatively simple compared with actual waste and soil extracts. They
contained only the elements of interest plus acid and lithium, and not the
diverse elements found in waste or soil samples. The sensitivity and prec-
Ision of the method might .deteriorate somewhat in complex samples, so the
higher concentration was used as the detection limit in sample measurementsand the data analysis.

TABLE 2. PRECISION AND SENSITIVITY OF THE ARGON PLASMA EMISSION METHOD

Element Concentration Percent Coefficient
(micrgrams/milliliter) of Variation

Be 0.005 0
0.01 0

*0.1 34
0.5 3

Cd 0.01 17
0.05 2

Cr 0.1 25
0.05 2

Cu 0.01 18
0.05 2

Ni 0.01 50
0.05 2

P 0.1 45
0.5 5

Pb 0.05 38
0.1 13

Zn 0.01 27
0.05 1
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Check samples were furnished by the Environmental Protection Agency.
The smples were prepared as specified and analyzed by the argon plasma
emission mettod. The metals determined were beryllium, cadmium, chromium,
copper, lead, nickel, and zinc. In one of the samples some of the elements
were below the detec ion limts of the analytical method. The other elements
were approximitely at the detection limit. Thit required modifying the
preparation of the was received" sample in order to bring these elements
within the limits of the method. Another one of the samples was slightly
above the detection limits while the concentration of the elements in the
third sample was considerably above the detection limits.

For the low concentration skple, the analyses ranged between 70 to 130
Oierce t nf the stated value, except for lead which was 160 percent of the
stated value. The sample which contained the elements slightly above the
detection limlt gave results 87 to 106 percent of the stated value. The high
concentration sample was analyzed as being 85 to 106 percent of the statedvaluse.

The reliability of the argon plasm emission method was further investi-
gated by adding beryllium, cadmium, chromium, copper, lead, nickel, and zinc
t1 an extract from a flue-gas desulfurization waste in concentrations suffi-
cient to give a 0.405 microgram/milliliter above the in situ concentration
of the elements in thw waste. The results are shown in Table 3.

TABLE 3. RECOVERY OF ELEMENTS ADDED TO A WASTE EX'RACT

Element Found Percent Recovery

Pb 0.456 96
Cd 0.479 101
Cr O.A,, "flow 96
Cu 0.504 106
Ni 0.498 105
Pb 0.509 107
Zn 0.480 101

SOILS

The three soils used in this study were Chalmers soil from Indiana,
Davidson soil from North Carolina, and Nicholson soil from Kentucky. Th-se
soils were collected from the B-horizon soil zone (30-100 centimeters in
depth) at each location. These soils were selected because of differences in
their physical and chemical properties and clay mineralogy. Table 4 shows
that Chalmers and Nicholson soils have similar surface areas but significantly
",Pft4ý "atton exchange capacities. In addition, the clay mineral composi-

,on , _.micron separates) are much diffeeent. The Chalmers clay composition
is largely montmorillonite, with small amounts of vermiculite, chlorite, and
kaolinite. The Nicholson clay fraction is predominately vermiculite with
only a trace of mica and kaolinite. In contrast, Davidson soil has a low
surface and cation exchange capacity. The clay is predominetely kaolinite
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but this soil contains a high percentage of hydrous oxides of iron. It has
been shown that Iron oxides play a major role in heavy and trace metal
removal. (8)

TABLE 4. SOME PHYSICAL AND CHEMICAL PROPERTIES OF SOILS USED IN THIS STUDY

Cation Free Texture
3oil Exchange Surface Iron

Soil Paste Capacity Area Oxides Sand Silt ClayP (Mg/00 ) (M2/g) % .%%%

Chalmers 6.6 26 125.6 3.1 7 58 35
Davidson 6.2 9 51.3 17.0 19 20 61
NicM.olsor 5.0 >37 >120.5 5.6 9 31 60

Samples of the three soils were subjected to aqua-regia digestion. The
digestates were analyzed for the elements of interest using argon plasma
emssion spactrophotometry (except for fluoride, which was determined using
a distillation and ion selective electrode method). These analyses were
performed to obtain the amount of each elemnt available for extraction
and/or leaching from the soils in addition to that introduced by the waste.
The results are shown in Table 5 expressed as microgram element/gram of soil.

WASTE SAMPLES

Seven industrial wastes were used in this study. They were character-
zied as to their content of the elements of interest. Each waste will be
discussed separately.

Zinc-Carbon Battery Waste

This waste consists of broken-open reject Lelanche (zinc-carbon) batteries.
Approximtely one percent of the batteries produced are rejected. Cadmium,
mercury, lead, and zinc were the metals of interest in this waste. Table 6
gives an "industry averagen for waste battery composition, (9) but prcprietary
differences in formulation exist between manufacturers and battery types.
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TABLE 6. COMPOSITION OF ZINC-CARBON BATTERY WASTE (10)

Concentration
Element (microgram/gram)

Mercury 7.3
Zinc 3,800.
Zinc Chloride 248.
Manganese Dioxide 615.
Cadmium 0.27
Lead 0. 31

Titanium Dioxide Pigmeit Production Waste

The waste from this industry results from equipment cleanup and the wash-
ing and drying of titanium dioxide pigment produced using the chlorine process.
(10) In this process, rutile ore or beneficiated ilmenite is reacted with
gaseous chlorine in the presence of coke to produce liquid titanium tetra-
chloride. This liquid is purified by distillation and oxidized in a flame to
titanium dioxide which condenses as a fume. The pigment is wz~hed and fil-
tered. The water from these process steps is treated with alkali to increase
the pH, thereby promoting precipitation of the metals from solution. The
solids are separated from the water by filtration and trucked to a commercial
disposal site. The sample used in this study was collected at the filter.
The metals of interest were beryllium, cadmium, chromium, copper, lead,
nickel, titanium, and zinc.

To establish the amount of each metal of interest present in the waste, a
one gram portion of the waste (dry weight) was digested with aqua-regia,
filtered and diluted. The metals listed above and boron, magnesium, and iron
were analyzed for using argon plasma emission spectrophotometry. The results
_.e showh.. in Table 7, exmres e a,-microgram/gram of waste. This provides an
estimate of the total weight of each element potentially available for leach-
ing from the waste.

TABLE 7. ANALYSIS OF SELECTED ELEMENTS IN TITANIUM DIOXIDE PIGMENT WASTE
Concentration

El ement (microgram/gram)

Beryllium 25.
Boron 590.
Cadmi um 113.
Chromium 3,240.
Copper 84.
Iron 92,200.
Lead 270.
Magnesium* 7,650.
Nickel 270.
Titanium 34,300.
Zinc 430.

Magnesium was measured in order to correct the lead result obtained by argon
plasma emission spectrophotometry.
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Hydrofluoric Acid Production Waste

* This waste results from treating fluorspar with concentrated sulfuric
acid to produce hydrofluoric acid. The residue is primarily calcium sulfate

* and a small amount of calcium fluoride. The dry residue is strongly acid.
* ~This residue is neutralized with lime and is pumped to a holding lagoon wt-ore1

it is do-watered and allowed to dry. The dried waste (gypsum) is pulverized
and sized and trucked from the plant and uised to stabilize road beds. The
sample used in this evaluation was collected as a dry powder prior to the
addition of lime. The waste was collected at this point in order to deter-
mine the effect of the waste when disposed of on land without neutralizing
the excess acidity. (Some producers dispose of unneutralized waste.) The
element of Interest was fluorine. However, the concentrations of other
elements were also determined so as to more thoroughly characterize the
v.jv As can be seen from the results presented in Table 8, their concentra-
tions were quite low in comparison to fluorine.

*TABLE 8. ANALYSIS OF SELECTED ELEMENTS IN HYDROFLUORIC ACID PRODUCTION WASTE

Element Concentrati on
(mi crogjram/gram)

Beryllium 0.85
Boron 119.
Cadmium 9.2
Chromium 13.0
Copper 5.5
FIsol C rif.lnC 4,900.
Lead 66.2
Magnesium 272.

Nickel 9.4
Zinc 140.

White Phosphorus Production Waste

This waste originated from the production of elemental phosphorus by theI

electric furnace method whereby phosphorus is produced through the reduction of
phosphate rock by coke using a silica flux. In this process, the raw
phosphate rock is dried and then sized or agglomerated. The agglomerates
are calcined in a rotary kiln. The gases emitted by the kiln contain phos-
phorus, fluorides, and fuel decomposition products. The gases are passed
through a water scrubber and the resultant liquor is treated with lime toI
precipitate these compounds. The solid fraction of the waste is composed
primarily of calcium fluoride, calcium phosphate, calcium sulfate and
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unreacted lime. Slurries of this waste are highly alkaline (pH 12.7).
Detailed discussion of the elemental phosphorus production is presented
elsewhere (11).

The species of interest in this waste and in the waste leaching and soil
migration studies were inorganic phosphorus (probably present as phosphates)
and fluorides. In addition, beryllium, boron, cadmium, chromium, copper,
lead, magnesium, nickel, and zinc were determined in the waste. The results
of the analysis are shown in Tablie 9.

TABLE 9. ANALYSIS OF SELECTED ELEMENTS IN PHOSPHORUS PRODUCTION WASTE
ConcentrationElement (microgram/gram)

Beryllium 2.97
Boron 4,180

Cadmi um 12.9
Chromium 2.
Copper 9.98
Fluorine 220,000.
Lead 230.
Magnesium 23,600.
Nickel 25.7
Phosphorus 14,400.
Zinc 63.2

Secondary Zinc Smelter Wastes.

Two wastes were obtained from this industry. The first was cinders and
ashes resulting from the smelting process before pollution control regula-
tions were imposed. These cinders, rich in metals, had been deposited on the
plant property. This resulted in a 1 to 10 foot layer of cinders covering 12
acres of the plant property. After pollution control regulations were
instituted, a scrubber was installed on the stack. The sludge from the
scrubber is disposed of among the cinders on the property. The scrubber
sludge constitutes the second waste studied. The results of digesting and
analyzing a sample of each waste are shown in Table 10.
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TABLE 10. ANALYSES OF SELECTED ELEMENTS IN CINDERS AND SLUDGE WASTES FROM THE
SECONDARY ZINC SMELTING INDUSTRY

Element Concentration (microgram/7ramCinders Sl1udge

Beryllium 3.92 0.82
Boron 130. 57.6
Cadmium 60.2 54.5
Chromium 36.2 14.8
Copper 3,070. 1,270.
Lead 12,500. 68,200.Magnesium* 17.2 920.
Nickel 1890. 360.
Zinc 50,300. 383,000.

Magnesium was measured in order to correct the lead result obtained by argon
plasma emission spectrophotometry.

Oil Re-refining Waste

A waste was collected from the oil re-refining industry. The waste isgenerated by the re-refining of discarded crank case oil, transmission fluid,grease, etc. After the oil is dehydrated to remove water, alcohols, etc, itis heated with sulfuric acid. The acid solubilizes metals and other compoundsthat contaminate used oils. The acid is separated from the oil and discarded.This is the waste that was used in this study. The waste was a strongly acid,
highly viscous, tarry material.

Triplicate samples of the'waste were dissolved in aqua regia. Becauseof the high organic content of the waste, it had to be repeatedly mixed withfresh Dortions nf animj-renla, heated to incipient dryness, mixed with moreaqua-regia and again heated to incipient dryness. The digestate was filtered,diluted to volume and analyzed by argon plasma emission spectrophotometry.
The elements of interest were beryllium, boron, cadmium, chromium, copper,lead, nickel, phosphorus, titanium, and zinc. The results are shown in Table11.

TABLE 11. ANALYSIS OF SELECTED ELEMENTS IN OIL RE-REFINING WASTEElement Concentra tion
(microgram/gram)

Beryllium Trace*
Boron 54.*
Cadmium 5.*
Chromium 36.3
Copper 58.7Lead 2,330.
Nickel 2. *
Phosphorus 600.
Titanium 3. *Zinc 190.The concentration in the digestate was in tihe region of the detection limit.
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SECTION 5

DEVELOPMENT OF A RAPID LEACHING TEST

BACKGROUND

The maJor Problem encountered in waste leaching studies is to duplicate
---the- essential characteristics of the field conditions. That is, to include
those variables active in the field that have a statistically significant
effect upon the leaching of substances from a waste and/or the passage of
these substances through soils, and to exclude or minimize variables that
might be introduced by the experimental setup. This is the goal, and one
can expect to fall short, but an investigator should be aware of how the
experiments fell short so as to be able to specify tWhe expected range of
applicability of the findings and to qualify their ability to predict
effects.

One obvious way of obtaining data under conditions existing in the field
is to actually go to the field for samples (performing soil coring, water Isampling, etc). This has much value (especially for predicting hazards that
might result from existing waste deposits) but the studies are limited to
only those wastes which have already been dumped and even then to just
certain combinations of waste and soil types, waste-to-soil ratios, etc. In
the field it is not possible to readily change variables to determine their
effect and this lack of flexibility limits the examination to only a few
factors. Many variables are completely out of the control of the experi-
mentor. Thus the applicability of these types of studies may be limited to
a relatively narrow range of environmental conditions.

Laboratory studies have the potential advantage of allowing more control
over a wider range of experimental conditions. But they also have the
potential disadvantage that significant field variables may be excluded
because of the difficulty in simulating complex field conditions or because
of improper experiment design. A compromise must be made between experiments
that are an exact simulation of the field situation and those that allow
varying those factors controlling the responses of interest. But if all of
the controlling factors are not varied to establish their effects and if they
are not included at proper levels, the empirical equations derived from this
U.ata may not-be reliable in making predictions for situations where these
variables are involved. It may be necessary to run preliminary experiments to
see which variables have significant enough effects to imerit including them
in the final experimental plan.
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There are two principal laboratory approaches for measuring the leach-
ability of wastes and the migration of hazardous substances chrough soil.
These are batchwise extractions and the continuously-leached column method,
both of which are discussed below.

CONTINUOUSLY-LEACHED COLUMNS VERSUS BATCH EXTRACTIONS

The migration of chemical substances through soil is usually studied in
the laboratory using columns packed with soil to a predetermined bulk density
(usually approximating the field density of the undisturbed soil). These
soil columns are challenged with a solution extracted from a waste by water
or by some other solvent such as municipal landfill leachate, or the soil is
treated with simple solutions containing the ion under study. A useful
configuration is shown in Figure 5 along with illustrative plots of the data
obtained.

Continuously-leached column experiments provide information as to the
ability of a soil to remove chemical substances from a waste extract. However,
an important limitation of this method is the time and effort required to
obtain and analyze a sufficient number of samples to make predictions of
migration rates and toxic hazards. This usually requires months and may even
take year,, depending upon the flow rate of the leaching solution through the
colums. The information obtained from relatively short-term column studies
cannot be relied upon to describe what will occur during years of leaching.

When setting up experiments of this type, an investigator is faced with
the problem of selecting values for each experimental parameter such as
leaching solvent flow-rate, head pressure, sofl bulk density, column diameter
meter, waste-to-soil ratio, etc. The choice of these values may not all be
entirely arbitrary, but a given set will yield results which probably apply
only to that particular combination of conditions and the experiment may not
be. very useful for making general predictions. In addition, column experi-
ments are cumbersome and do not readily lend themselves to changes in the
levels of the experimental parameters. Thus, they are slow and relatively
limited in applicability.

If an experimental approach were available which is more rapid and more
versatile than the usual column leaching methods, a wider range of environ-
mental conditions could be investigated, thereby more completely describing
the behavior of a waste deposited on a soil. This would also make it more
practical to use factcrial experiment designs. Factorial experiments allow
making predictions without sacrificing reliability even in the presence of
interaction between multiple variables. (Interaction exists when the effect
of one factor is dependent upon the level another factor. This introduces
error into the results of classical, vary-one-factor-at-a-time experimentation).
A fast method would also allow making timely determinations, on demand, for
each specific situation.

In previous studies of the leachability of certain metals from a number
of industrial wastes and the migration of these metals through soils,this
laboratory used continuously-leached columns. A batch method was employed to
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FIGURE 5. CONTINUOUSLY LEACHED COLUMNS AND ASSOCIATED OUTPUT PLOIS.
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rapidly screen soils for their ability to remove these metals from the waste
leachate (12). This information w~as then used to select soils for more
detailed column studies. While examining the data, it became apparent that
properly designed batch studies of the leaching of both waste and soil could
provide much of the same information obtained from column studies. However,
no adequate information was available as to the correlation between batch
extractions and continuously-leached columns of industrial wastes and soils.
As a result, samples of the industrial wastes used in the continuously-
leached column studies were leached using a serial batch extraction procedure.
It was found that the weights of toxic metals extracted from Vie wastes
batchwise compared well to the column leaching (3) even though substantially
greater amounts of water were present (200 to 4,800 percent versus less than 50
percent). Besides this, the results were obtained by the serial batch extrac-
tion method in only a small fraction of the time required by the column
method. The serial batch method was experimentally much simpler, and it was
concluded that this approach would permit the rapid investigation of the
effect of a wide variety of environmental factors such as freeze/thaw and
drying/resaturating cycles and similar variables that would be difficult to
include In column studies.

Other investigators have used batch soil methods to study the remov2l of
certain chemicals from waste extracts or municipal landfill leachate (13-16)
and obtained results that compared well with column experiments. Howvever,
their experiments either did not allow for the changes in the waste extract
composition as the waste depleted, for the further change as the extract
contacted e3ch increment of soil, and/or for the continually changing condi-
tioning of each increment of soil, a change which depends both upon the
leaching time and the soil depth. (Appendix E discusses this further.)

CORRELATTNG CONTINUOUS AND •BATH,,•E L, LAll,, (2)

The data obtained from continuously-leached columns may be presented in
several ways. One technique is to plot the concentration of the chemical of
interest found in the waste or soil column samples, versus the cumulative
volume through the column. The common way of expressing the cumulative
volume is to use the cumulative pore volume calculated for the type and
weight of soil employed. However, changing the kind or amount of soil will
change the scale of the cumulative volume axis when pore volume is employed.
Figure 6 is an examr le showing the difference obtained with different pore
volumes (in this case 40 and 60 milliliters). The corresponding total volume
in milliliters is appended for comparison.

It often is not practical or possible to determine a pore volume for a
waste because of its physical form (heterogeneous suspension, liquid, etc).
This problem was circumvented by using the soil column pore volume as the
measure of liquid volume through the waste. It allowed correlating the
waste-column output with the soil-column results in a given set of experi-
ments. However, instead of using the soil pore volume as the principal
plotting parameter, it is much more flexible to plot the observed concen-
tration of a chemical in an extract versus the cumulative milliliters of
leaching solvent per gram of waste or soil, as shown in Figure 7. This
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makes the scaling independent of soil type, soil sample weight, and waste-
to-soil ratio and allows the direct comparison of many different designs of
experiments. It normalizes the results so they can be more readily corre-
lated to a range of fielV conditions. The areas under the curves represent
the total weight of a chemical extracted per gram of waste or soil. The
weights thus obtained can be used to calculate attenuation or penetration
factors for the soil.

These considerations make it possible to correlate batch and continu-
ously-leached column experiments. Batchwise extractions can be related to
continuously-leached colums by recognizing that continuous leaching is
equivalent to running a series of discrete extractions spaced by the fre-
quency of collecting the effluent sample. Figure 8 shows that the concen-
tration of a substance in the periodic column samples can be plotted to
represent the average for that sampling period. Thus, samples from the
continuous leaching of a column correspond to sequential batchwise extrac-
tions by volumes of extractant equal to the volume passing through a column
bqtmen the taking of samples.

Wien extracting a batch of waste or soil, instead of using the same
volum of solvent for each successive extraction, the solvent-to-waste or
-soil ratios can be graded in size, as indicated by the extraction volumes
pictured In Figure 9. A small solvent-to-solids ratio should probably always
be employed for the first extractions. This is usually when the concentration
is changing most rapidly, so smaller increments define the curve more
accurately. It also is when the soluble species will be the most highly
concentrated in the extract (see Figure 1) and the ionic strength will be at
its maximum. Greater dilutions would reduce this, possibly affecting the
solubility of other components. After the more soluble components have been
extracted, the solvent-to-solid ratio can be greatly increased, thus reduc-
ing the total number of extractions required. ObviouslY, the- ,U,.+her .....
the cumulative milliliter per gram axis the extraction volumes extend, the !
longer the period of column leaching the batchwork is equivalent to.

THE BASIS FOR ACCELERATED TESTING (2)

Batch extractions are rapid compared to letting the liquid percolate I
through a colum. If the volume of liquid used in a batch extraction can be
related to the same volume of liquid passing through a waste or soil over a
period of time, sequential batc~i extractions can be the basis for an accel-
erated testing of wastes and soils. First, it is necessary to consider the
fraction of void space in a soil (the pore fraction) packed at a certain
bulk density. The pore fraction can be calculated from the formula

PF - I (:Pb

ri~i-
PP,
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where:

PF a pore fraction,

a bulk density, g/cm3 , and

pp a particle density, g/cM3 .

Because liquid does not pass through all parts of a pore with equal efficiency,
it is necessary to define an effective pore fraction, PF', for each soil,
which is some fraction of F of the pore fraction calculated by Equation 1:

/

PFr' -F (PF) - (1 - *b ). (2)

The pore volume is the toltal .volume of void space in a given quantity
of soil. This is obtained by multiplying the volume of the soil by the pore
fraction

PV - (PF) Mv), (3)

where:

PV a pore volume, cm3 , and
V a volume of soil, cm3 .

An effective pore volume, PV' can be calculated by inserting the effective
pore fraction in Equation 3:

PV' * (PF) W - (PFV' ) f v). (

To find the effective pore volume of one gram of soil, PF', which is of
interest because the gram is the basis for the normalization employed in this
report, substitute the volume occupied by one gram of soil,

V a I , -(5)
' b

and Equation 2 Into Equation 3, which yields,

PVý - F -CM3 .(6)

The velocity of a liquid front moving through the soil (the pore water
velocity) can be related to the volume displaced by the front by first
calculating the depth occupied by one gram of soil out of the total weight
contained In a cubic centimeter. One gram of soil having a specified bulk
density and a cross-section of one square centimeter will have a depth

1
hg - cm (7)
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where:

*h - depth, cm, of one gram of soil.

The time required for a liquid front to pass through one gram of soil (having

a depth of .1 cm) at a given velocity, i.e., the time required to fill the

effective pore volume of one gram of soil with liquid, is given by

T -Fb days, (8)
V

where:

T a time, days, and
v u velocity, cut/day.

Because the nuber of effective pore volumes in a volume of liquid, v, is
V

V (9)
Pv;

the tim required for the passage of any volume of liquid through one gram of
soil of oa centimeter cross-section at a given pore water velocity can be
calculated from the product of Equations 8 and 9:

/ I

T - Y days. (1)

Another expression of this relationship can be obtained by substituting
Equation 5 into Equation 4, which gives,( 1

PV' . (PF') ?,- )

and substituting this into Equation 10 yields

T (P . days. (12)

Although the - - 's in the numerator and denominator are numerically equal,

the upper one is a height and has dimensions of centimeters, and the lower
one is a volume with dimensions of cubic centimeters, so they cannot be can-
celled in the general case needed to plan experiments.
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Engineers and other workers in disposal practice employ the Darcian
velocity (17), the rate of fall of the liquid in a reservoir above the soil,
instead of the velocity of the liquid front within the soil, which was needed
to develop the equations above. Because the effective pore fraction is a
measure of the area available for the movement of water through soil, it also
is the ratio of the Darclan to the pore water velocity. (The reduced area
can be visualized as a venturi orifice which accelerates the velocity.) The
Oarclan velocity, v. , therefore can be expressed as

VS - PF' v . (13)

The substitution of Equation 13 into Equation 12 allows the use of Darcian
velocity to calculate the time that a volume of liquid takes to pass through
a gram of soil:

T V ý7 days. (14)ii

The Darcian velocity may be relatively easy to determine for a lagoon
having known rates of influx and evaporative loss, but the effective pore
volumes of the underlying soils must be known in order to calculate how much
soil was contacted by a volume of solution leaving the reservoir. The rate
of fill of the reservoir thus can only be correlated with the residence time
In a gram of soil of one centimeter cross-section by way of the effective
pore fractin, as was done to obtain Equation 14 from Equation 10. (Using
Darcian velocity directly instead of converting to pore water velocity yields
a number having different dimensionality and it can lead to planning experi-
ments which emln Incore.,ct batch, sizes to represent a given contact time.)

To illustrate the use of these generalized equations, assume that a soil
has a bulk density of 1.60 g/cm3 , a particle density of 2.65 g/cm3, andthat
effectively 90 percent of the pore space transports liquid (18). (These
values are representative of the clays used in the experimental work presented
in this report.) Thus, from Equation 2, the effective pore fraction is

PF' - 0.90 (1 - 1.605a 0.357

and the effective pore volume per cubic centimeter is

PV' - (0.357) (1.0) = 0.357 cm3 .

The volume occupied by one gram of soil is

V • - 0.625 cm3

361



so the effective pore volume for the one gram of soil is

S v• o.90 1 -+ .6- )( (O.357)(0.625) - 0.223 cm3.

If a liquid penetrates this soil at a pore water velocity of 1 x I0-s cm/sec
(which, with 86,400 sec/da, is 0.864 cm/da), one milliliter of liquid will
penetrate one gram of soil in• )

( .223 0 .864 3.24 days.

Thus, an extraction with 2 milliliters per gram of soil is equivalent to
2 x 3.24 = 6.48 days of penetration in the field or in a column. Table 12
lists the liquid-to-solid ratios employed in this study together with the
cumulative volumes and equivalent exposure times for liquid front velocities
of I x 10-4, 1 x 10-5, and I x 10-6 centimeters per second through a typical
clay. This correlation is displayed graphically in Figure 10.

The pore water velocity of the liquid in a soil underlying a specific
waste-disposal site must be calculated or determined experimentally to be
able to choose the correct correlation from the table. However, the flow
rato determining the factor will often be the penetrability of the layer of
waste. Table 12 also applies to the leaching of waste because the volume of
liquid passing through a column of waste will ordinarily be the same as
through the soil beneath it, as previously discussed.

TABLE 12. CORRELATION BETWEEN EXTRACTION VOLUME AND PENETRATION TIME (2)

Water Cumul. Equivalent Days of Penetration*
Extraction Added, Vol.,

Number (A/lg) (Ml/g) @104 cm/sec @10-5 cm/sec @10.6 cm/sec

I z 0.65 6.5 65.
2 3 5 1.62 16.2 162.
3 6 11 3.56 35.6 356.
4 12 23 7.45 74.5 745. (2.0 yr)
5 24 47 15.2 152. 1520. (4.2 yr)
6 48 95 30.8 308. 3080. (8.4 yr)
7 96 191 61.9 619.(0.7 yr) 6190. (16.9 yr)

At the specified pore water velocity through a soil having an
effective pore volume of 0.223 ml/g.

Tables similar to Table 12 can be calculated for soils having other pore
volumes using Equation 10 or 12. If Darcian velocities are desired in the
table, then Equation 14 can be employed. (A table using Darcian velocities
is shown in Appendix A.)

The waste composition changes as components are leached from the waste.
Each succeeding portion of extract will therefore generally have a different
composition as shown in Figure 11. Besides being challenged by a changing
solution, the soil's ion-removal characteristics continually change with
time as the soil becomes conditioned and loaded by the passage of waste
extracts. Since each portion of waste is changed by passage through soil,
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the conditioning each succeeding segment of soil receives is different and
each segment therefore may remove different portions of the various ions
present in the waste extract. So although the soil segments start out the
same, in effect th3y become different soils due to the passage of the

different waste extracts.

The soil removes ions from the waste, but the waste extract can also
displace ions from the soil. In addition, soil can pick up a specific ion

* liquid composition changes. The soil may also give up ions later because of
intervening conditioning of the soil by the passage of the changing waste
extract solution. If extract samples were taken within, a layer of soil, it

* would be possible to study this dynamically-changing situation. This can be
accomplished by placing sampling ports in the side of a soil columnr, as
shown in Figure 12. The same results can be attained in a shorter time with
far fewer equipment difficulties by putting waste extracts on successive
-batches of soil and taking a sample after each extraction. A batch of soil
then will represent a segmen,* of soil from a soil layer.

Normally, the distribution of substances retained by the soil column is
determined after leaching is concluded by sectioning and analyzing the soil
column. But this serial batch approach, with sampling between batches of
soil (described in Section 4, page 10)*allows perceiving what is happening with-
in a bed of soil and provides data which could permit extrapolating to the
effect of thicker-strata - something which cannot be done with validity from
experiments with only a single layer or from experiments which use simpler
conditions. It is re-emiphasized that batchwise testing also yields its infor-
mation in a small fraction of the time required by columns or field studies.

UTILIZATION OF BATCH EXTRACTION DATJA

Avariety of 'Calculations can be performed using the results from theI
graded serial batch extraction experiments on wastes and soils. Table 13
lists those which were done for this report, giving the derivation of the
tables presented in Section 6. In Table 13, W refers to the waste extract,
and 1, 11, and III, identify the extract from the first, second, and third
batches of soil, respectively. The subscripts affixed to these symbols
identify the number of the extraction in the series of seven employed. The
resulting character refers to the amount of a chemical species found in the
extract, expressed in terms of micrograms per gr~am of waste or soil. Each
ci'lculation utilizing these quantities is-explained in the following para-
graphs.

Calculating the Weight of a Substance Leached from Waste

The weight of a substance leached per gram of waste can be calculated by
*multiplying the concentration of the substance observed in the extract by the
volume of water or other extraction liquid used, divided by the weight of
waste being extracted. In consistent units: microgram/milliliter x milli-
liter/gram - microgram/gram waste. Thus, the weight extracted by each
extraction in the series listed in Table 1 was obtained by multiplying the
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FIGURE 12. CHALLENGING MULTIPLE SOIL SEGMENTS WITH SUCCESSIVE EXTRACTS OF WASTE.
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observed concentration in micrograms/milliliter by the extraction volumes
listed in the second column of the table.

Since one percent concentrated nitric acid was added to keep ions in
solution, and ten percent by volume of lithium nitrate solution was added to
spress interference from alkaline metals and earths in the analysis by
argon plasma umission spectrophotometer, the observed concentration must be
adjusted to obtain the actual concentration. (The correction for the lithium
addition was accomplished by programing the concentrations printed out by
the spectrophotometer.) The corrected raw data from replicate extractions
is averaged and posted as colum C, Table 13. Multiplying each waste-sample
concentration by the appropriate above-mentioned factor yields the corres-
ponding result in column 0.

Calcula tin the Weight of a Substance Penetrating the Retained on Soil

The weight of a substance extracted per gram of soil is calculated for
each extraction in the same manner as described above for waste. The multi-
plying f~ctors remain the same because the extraction volumes in Table 1
were adjusted for all the soil batches to maintain the same milliliter/gram
as for the waste.

The amount penetrating a batch of waste or soil becomes the challenge to
the next batch. Thus, the ug/g out of the W1 becomes the mg/g in for Il.
The weight of a substance coming in to a batch of soil minus the weight out
eqals the weight retained by the soil during the extraction. In this way,
the values entered in column D, Table 13 are used to produce column E. The
fraction retained by a soil from an extract is calculated by dividing the
results in.column E by the weight coming in, as indicated in column H.

When ever a minus siqn appears in the table, It means that the soil
either gave up some of that substance which it had previously picked up from
the waste leachate, or it gave up some originally present in the soil before
being exposed to that waste. If the original analyzed concentrations were
near the detection limit, then, because of the normal deterioration of the
precision of an assay near its detection limit, less significance can be
assigned to the corresponding derived values and to the appearance of a
minus sign.

A useful property of the fraction retained from the cumulative total
challenge is that when the soil is yielding the elment of interest and it
is desired to know how many times greater the amount existing is greater than
the challenge,change the minus sign on the value in column I to a plus and
add 1.00. Thus, a fraction of -8.0, retained from the total challenge means
t•aIt 9.05 times as much of that element was given up as was present in the
total challenge.

The results of passing one waste extract through the three soil
batches can be presented as in the histogram of Figure 13. The height
of the histogram bar labeled W represents the mass in micrograms of
a substance extracted per gram of waste. This is the challenge to
the first batch of soil, whrlrl represents the top layer in a bed of soil.
The height of the bar labeled I shows the concentration of the species
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"penetrating the batch representing the next layer of soil, and the difference
in height between I and W is the amount of the species retained per gram of
soil.

The cumulative sum of the challenges to a given batch (layer) of soil is
obtained by summing up the results for the successive extractions that have
challenged that batch. Thus, as seen in colurmi F of Table 13, the cuirilative
sum of the challenge to soil 112 is I, + Ii. The cumulative total ret ined
can be calculated in a similar manner, as indicated in column G, and used to
determine the fraction retained from the total challenges, as recorded in
column 1i These values are of particular interest in studies of soil
capacity.

Calculating Penetration Factors

The quantity of a substance penetrating a batch of soil divided by
the amount of challenge (both found in column D) can be defined as thePenetration Factor (the reciprocal of the Attenuation Factor), which is L

found in column J of Table 13. This-is the fraction penetrating the
soil and it can also be viewed as the decimal percent. Multiplying a
challenge by the Penetration Factor gives the amount penetrating. If
the Penetration Factor is greater than 1.0, it indicates that the soil
is either yielding material previously held up during the passage of
extracts, or that some is being displaced out of that originally presentin the soil.

The penetration factor calculated in column 3 is for the corresponding
extraction only and is not cumulative. The cumulative penetration
factor can be obtained by subtracting the cumulative fraction retained,
column I, from 1.00.

Calculating Distribution Coefficients

The chromatographic distribution coefficient, K, is defined as the
concentration of a species in the solid phase divided by the cnncentration
in the liquid phase. (20) This distribution ratio (columns K and M of Table
13) is the slope of the line showing the relationship between the concentra-
tiut adsorbed on the soil and the concentration remaining in the solution.
The angle of the slope at that point is the arctangent of K. (The angles
are tabulated in columns L and N.) At low concentrations, the relationship
is usually linear in simple systems, but K typically decreases with increas-
ing amounts of solute, i.e., as the sites are occupied by increased amounts
of the substance being studied. Large K's show a high relative retention.
Experiments to determine K are normally done at constant temperature because
K is temperature-dependent (changing the temperature changes the position of
a point on the plot showing the amount of a species removed from the solutionby the soil) and so the curves are called isotherms.

Temperature is not the only parameter which affects the distribution
between phases. The pH, the ionic strength, the presence of competing ions,
the previous history of the solid, its current surface energy and effective
surface area, in short, the total conditions must be uniform because each of
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these things can affect the distribution ratio. So, iso-conditions are
needed, ro�t just iso-therm, while experiments are run if this kind of plot is
to be obtained. If the conditions are changed to some other level, a dis-
tinctly different set of points can be obtained. (If conditions are allowed
to vary at random, then randomly located points can be expected; if condi-
tions are varied according to some pian, like a factorial experiment design,
then their effect on the distribution coefficient can be examined. For the
results to apply to a field situation, field conditions must be simulated in
the experimental array.)

These lines are called adsorrtion isotherms, but more than adsorption can
be involved in removing ion_svT ution. Besides dispersion and dipole
forces, hydrogen bonds and weak covalent bonds-including acid-base inter-
actions and coiulex formation-strong covalent bonding responsible for chem-
isorption, precipitation, and even mechanical filtration, all could contri-
bute to the reuoval of a substance from solution. So what is called adsorp-
tion isotherms really are plots of removal or retention in iso-conditions,
that is, they are plots of temporsry retention under a given set of conditions.
Even irreversibility is condition-dependent. An insoluble compound may
become soluble as the conditions change, e.g., as the extraction progresses
or as the soil changes.

The distribution coefficient, K, is not for adsorption alone, but for all
equilibria causing retention or displacement. K can be computed on several
different bases: as an experiment is started, the concentration of a sub-
stance being studied will probably be zero in the solid phase if a chromato-
graphic substrate is being worked with, but in soil work, any compounds
pfesent in the soil which contain the ion(s) being studied are a potential
source that can contribute to its concentration in the leachate solution
passing through the soil. The waste leachate is a potentially powerful
solubilizer and displacer of components in the soil, i.e., the soil can act
as a reservoir of Pb, Cd, Ti, Zn, etc, which the waste leachate can cause to
bleed off and carry on down to ground-water. A negative slope to the reten-
tion isotherm shows the soil is giving up the ion, acting as a source. The
waste is the caise of this kind of pollution, but not the source-the soil is
the source.

The distribution coefficient, K, can be based on a unit volume of solid I
adsorbant, or a unit weight, which is employed in this report. The concentra-
tion expressed in microgram'gram soil can refer to the number of micrograms
of ion removed from a given solution challenging the soil, it can represent
all that the soil kas removed from a series of solutions (as in column M of
Table D3), it can be a total which also includes all that was originally
present in the soil (Table 5) and therefore potentially available to the
equilibria (as used in column K), or the total concentration in the soil can
include Just that portion known to be soluble in or displaced by the solution
challenging it.

The concentration in the solution is usually expressed as weight per unit
volume, such as micrograms per milliliter, and the resulting units for K are
milliliters per gram, as shown in equation 15:
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K U i g/g x ml/Ug ml/g. (15)

But, even tchough it is the liquid that is beipg analyzed, it is the soil
that is being studied. The concentration is measured as micrograms per
milliliter, but of more direct importance is the weight of soil contacted by
this solution. If the concentration observed in the liquid, micrograms/milli-
liter, is multiplied times the total amount of liquid put on the soil,
expressed as milliliters/gram, Equation 16 shows that the concentration in
the solution is obtained in terms of micrograms per gram of soil contacted:

Then, as seen in Equation 17 the ratio, K, becomes a properly dimensionless
cmstant as a result of employing this more fundamental relationship:

K •Q -a/ - (1.7)(.g/m1 (ml/) U(17

As previously discussed, the conditions for retention can be expected to
differ with soil depth because each layer of soil is challenged by a differ-
ent solution matrix. The conditions also will change with time as the
leaching of the waste progresses and generates a solution of changing
composition. So that this latter effect could be examined, equations were
derived I:o calculate the distribution coefficient for every succeeding
extraction of the waste. The distribution of a species between the solid
and the liquid phases will be the sum of tCe amount originally on the soil
and the amounts retained from each of the successive waste sxtracts, all
divided by the amount in the solution leaving that batch of soil. Thus, the
distribution ratio resulting from n extracts passing through soil batch I
can be computed by the following equation:

K0 * 'o + (Wl - I1) + (W2 I2 ) + (Wn - In) (18)KI

n

Io+ (W

•: =1 -Slope of adsorption isotherm, (19)

In
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I0 a concentration of a species originally on the soil, ug/g,

LI* a concentration of the species in the ith extract passing through
soil batch 1, ug/g, and,

Wi - concentration of the species in the ith extract out of the waste,
Ug/g.

The concentrations of the solutions after equilibrium has been established
(the output concentrations) are used in these calculations instead of the
starting (the input) concentrations.

The distribution ratio will ordinarily be different for the second
batch of soil because it is being challenged and conditioned by a different
solution - a solution which has been modified by passing through the first
batch of soil. The distribution coefficient for the second soil batch can
be calculated for each extraction using the following formula:

K IX° + (I - 1 1 ) + (12" I1 2) + (In "dn) (20)
n

I~o + (Ij:-.IIj:)

I. 1 - Slope. (21)
tT

The distribution coefficients for each extraction pcssing through the third
batch of soil are calculated in a similar manner using the differences in
concentration between the second and third soil batches.

The experiments generally will be done with the same kind of soil in
each batch, so the concentration of a species originally in the batch of
soil, I a 11 a I . If only the amount of a species removed from the
solutioR is it8 be coRsidered in the distribution coefficients being calcu-
lated, neglecting that which is originally present in the soil, set Io, H10,
and TITo all equal to zero.

The effect of different soil-to-waste ratios can also be checked in this
experiment by calculating distribution coefficients for the waste extract
challenging the first two soil batches and then all three batches:

n -H)

0+ 0iI°
0° 2

1/2 Hin (22)
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for a 2:1 soil-to-waste ratio, and

n

I +1o +1o+ (W+ -II11)

(In 1/3 IIIn (23)

for a 3:1 soil-to-waste ratio.

The effect of changes in the extract due to passage through the soil also
can be obtained by calculating:

n

I°+ I°+ U (i "III'•)

K IUoI+o+ !k IIi! .(24)
1/2 III12

and comparing it with the results from 'a+II)n (Equation 22).

Since a distribution coefficient is the slope of the retention curve (the
fsothermm) at the point represented by the numerical values of the nuerator

and danominator in the ratio, the angle whose tangent is K can be depicted on
a graph by an appropriately oriented line segment. This seemingly would
allow drawing a curve of retention under iso-conditions (an "isotherm"). But
'i examination of the experimental data in Section 6 reveals, as postulated

wnen designing this experimental approach, that there is a considerable
change in K for most ions as the leaching of the waste progresses and as the
Waste passes down through the soil. This shows that in the real field
situation, or in experiments which approximate it, constant conditions for
adsorotion will not exist during the presentation of the challenge. This
means that the reminder of the curve cannot be determined. Only a fa,.,!1Y of
line segments will be obtained from the K values calculated for each waste
and soil extract, with each line segment representing the distribution ratio
under a different set of conditions. An example is depicted in Figure 14
using columus D, G, and N from the data giving the leaching of cadmium from
zinc secondary-refining sludge on Chalmers soil (Table 63).

Although there does ,iot seem to be much value In plotting adsorption
isothEims for these compley situations, it is of interest to obtain distribu-
tion coefficients from valid observations because they are employed in chroma-
tographic theory. For instance, the net retention volume, Vn, required to
elute the peak of a given chemical species, can be calculated from
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V n K V , (25)

where V5 is the volume of the stationary phas,. (21) If we can relate K for
a given Shazardous material to environmental-experimental factors having
significant effects, then the resulting equations may be usable for predict-
ing its movement down to ground water.

A distribution ratio of, e.g., three, would be obtained whether the
concentrations in the solid and liquid phases are 3/1 or 300/100. But what
ultimately determines the current hazard is the concentration existing in the
liquid phase, and the distribution ratio does not directly disclose this.
The concentration resulting at each soil depth and for each stage of the
leaching is given by the raw data from the serial batch extraction procedure.
(This information can be presented in a table as in the example in Appendix

COIHENTS ON PREDICTION EQUATIONS (19)

The two main approaches to describing a physical situation in mathemati-
cal terms are either to ccnstruct a model or to derive an empirical equation.
Both were examined to see which was likely to be the best for obtaining
prediction equations.

Models

The kind of model of interest here is a mathematical or at least a dimen-
sional analysis which expresses the relationship between the important vari-
ables of a physical system. Although mathematical models may be derivable to
describe relatively simple individual phenomena (i.e., observations of experi-
aints oo siople systems, etc), comboining these to accuarately describe a more
complex system will be possible only if all the significant phenomena are
known and if functions, weighting factors, etc, relating them (which mnust be
determined by observations) are included to balance their relative effects on
the system's response to a vari3tion. Therefore, ever with the best model -
one which ine:ludes all of the significant details-experimental work ordin-
arily will have to be done to measure the effect of each factor so that a
prediction equation can be derived. The result is an equation with empiri-
cally derived coefficients, but with a form constructed from theory. (Running
experiments also coimionly provides additional insight into the ph -.cal
system, enabling revising the model.) Thus, for a model to be L Jul for
making predictions, the terms must ordinarily be amenable to elucidation by
experiments relatable to the real field situation. That is, the experiments
may have to include variables such as temperature, ionic environment, resi-
dence time, etc., at the levels they occur in the field. Experiments there-
fore should not be arbitrarily simplified. Holding an experimental factor
(e.g., concentration) constant can be the experimental equivalent of deleting
a variable from a model or making an assumption in modeling. (Conversely,
assumptions in the initial formulation of a model can be equivalent to running
experiments under a limited range of conditions, thus excluding a range of
applicability of the model.) Simplifications can be introduced (assumptions
in theories, approximations in experiments), but it is always necessary to
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"determine whether the effects of these simplifications are significant, i.e.,
how far the final result comes from representing the real life circumstances.

Unfortunately, instead of attempting to list all of the significant
variables and then carefully working out the relationship between them, it is
a common practice to pick a model developed for some perhaps related applica-
tion and apply it to the new situation without considering whether the model
includes all of the variables which have statistically significant effects in
the new situation, much less seeing whether the functional relationship
between the variables is correctly expressed. The dangers of being too
arbitrary about the choice of model can be seen from a simplified example:
An investigator may be interested in predicting the leachability of cadmium
from NiCd battery-production waste by landfill leachate (the liquid produced
by the percolation of water through municipal refuse). If in a previous
study he developed a model using water as the leaching solvent, and it is
desired to apply this model to thf. results obtained from experiments in which
landfill leachate was used, the simplifying assumption might be made that
since both liquids are aqueous, the other ions present in the landfill leach-
ate would not affect the basic nature of the leachability of the cadmium ion.
In actuality, the cadmium leaching by landfill leachate is adequately des-
cribed by a linear equation whereas the data from the original investigation
dictated use of a power function (Figures 15 and 16). Nevertheless, the data
from the landfill leachate study would be forced to fit the power function
model by regression analysis. The coefficients in the resulting equation,

Y - 14000 x-1' 8 7 , (26)

then express the deviation of the experimental data from the presumed model.
In a. more complex example, the differences between the resporse surface pre-
dicted by the Lapidus-Amundson diffusion equation and that found experiment-
ally for the m3vemant of cadmilw. through ---!is is expressed by the surface of
Figure 17, which presents a small section of the sum of squares surface (for
Dispersion Coefficient - 2 cm2/day) expressing the difference between the
experimental data and the model:

Conc. of Ion Pore Water Velocity +K K2 (27)4 ('ispers. Coeff.) Pore Fraction

These misfits occur when experimental data is used to derive coefficients
for the wrong model. If the model should happen to describe the data reason-
ably well over a part of the concentration range or leaching time, and the
equation yields some predictability, it probably will be thought of as the
correct model even though it is a hybrid, an incorrect or incomplete model
with empirically-derived coefficients. Fortunately, experimentally determined
coefficients will help to compensate for deficiencies in the mathematical
structure, but the range of applicability of the formulation will seldom be
known and its use as a prediction equation can lead to very large errors.

When a complex physical situation is involved, rather than attempting to
use an inadequate model and inserting empirical coefficients, it may be
better to derive empirical equations in the first place and let the data
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7ýI
ýspeAk for itself. A modeler needs to understand and define everything of
sigUnificance about a system whereas the developer of an empirical equatio!i
does not. Eventually it may be possible to obtain good models which define
the movement of ions through soils, but at present the quickest route to
valid prediction equations is most likely through equations that are entirely
empirically derived.

Empirical Equations

If the interest in obtaining equations which describe a complex system is
not for theoretical purposes but is for practical applications like predict-
ing a response resulting from known levels of given variables, then obtaining
purely empirical equations should be a more straight-forward approach. But
caution is still required if the equations are to describe a field situation.
Equation parameters should be derived from experiments that include all ofI
the factors-having significant effects. The design of the experiment should
be such that the scupe of its applicability and its relation to an actual
field situation will minimize the number of assumptions needed in the corres-
ponding prediction equations. This will improve the validity of the predic-
tions. iFor example, the changes in K reported in Section 6 show that the
experiments should employ an actual changing waste leachate so that predic-
tions will not have to be based on the assumption of a constant composition
or so that the nature of the changes will not have to be assumed. The closer
the laboratory simuilation approaches a field situation, the fewer additional
assumptions that will have to be applied and the more reliable the predictions
likely will be. Rapid experimentation which is flexible enough to simulate
each new field situation even makes case-by-case experimental determinations
practical, thus reducing to a minimum the dependence upon the ability of an
equation to extrspolate.

It is our opinion that mathematical models should not be introduced too
soon in an attempt to construct an expression meant to predijct the behavior
of a complex system. Experimental examination of the effects of impressed
variations can (if the experiments are suitably designed) take into account
the effect of unidentified (unknown) factors. Afterward, in the application
of these result3, mathematical compensation may be introduced to correct for
those factors which were not included in the experimental set-up (such as
upward capillary flow, horizontal spreading, etc). Additional experimenta-
tion may be required to quantitate these effects. The final description of
the predictions should be in a mathematical framework which yields output

* weight or concentration in terms of time, volume, etc., upon plugging in
* values for all factors which differ from those employed in the experimental

determinations or those effects which otherwise need correction (like experi-
ments on a saturated system being appliea to predictions on unsaturated).

In this connection, some comments are in order concerning the nature of
the proposed graded serial batch extraction procedure:

a. Batch extractions are considered to be of zero dimensionality. (23)
The batch extraction method is independent of soil dimension in one sense,
but the relation employed in _the design of the experiments reported here
yields results expressed per unit volume of soil, i.e., in three-dimensional



Space. In the application of these results to the field, the effect of
""•l9oe'ontal spreading (how the space occupied by the volume changes with time)
&i n be taken into account.

b. Even though an extraction can be classified as static with respect to
liquid-front movement, the sequential extractions proposed here simulate a
st, ed•t dynamic situation so a steady state need not be assumed for predic-
tion equations in which these data are applied. The proposed batch extrac-
tti experimtnts thus should provide very useful input data for a variety of
tMrnspot models. (Predictions are better based on laboratory simulations
than upon completely mathematical "simulations".) Additional soil batches
increasing penetration depth into the soil.

c. The serial batch experiments provide direct information for saturated-
only transport models. Corrections must be inserted if there is a signifi-
cant difference caused by unsaturation. (Comparison between batch and column
showed no difference for most ions studied.) (2) The rate of movement could
also differ greatly without causing sign~ficantly different adsorption equi-
libria, i.e., the K values may be sufficieqtly alike so long as equilibrium
is attained.

d. The calculated time equivalencies listed in Table 12 are for the
idealized case of a uniformly-packed bed of soil (similar to that prepared in
a column or for a lagoon lining). Inhomogenities in composition (such asK steaks of sand in a bed of clay) or fissures produced by, e.g., rotted roots,
will not only greatly increase the liquid front velocity in those zones but
the resulting channeling can significantly reduce the effective mass of soil
contacted by the waste extract. For example, if channeling is bad, 70 percent
of the liquid may leak through and contact but a small fraction of the soil,
while only the remaining 30 percent of the waste leachate would th available
to percolate through the bulk of the soil. Corrections can be readily
included for this kind of deviation from ideality if their relative magni-
tudes can be estimated for the site of interest. Another situation that
would affect the liquid-front velocity presumed for a given bed of soil, one
which would require separate flow-rate columns to detect, is the case where
the waste leachate itself affects the flow through the soil, either by plug-
ging the pores and reducing the flow, or by affecting the soil structure and
drastically increasing the flow-rate (this was observed with flue gas waste
on Davidson soil (24))

e. It is recognized that in the field very slow processes may contribute
to the- net retention or even change the conditions under which retention is
occurring (like micro-biological modiflca4.ion of the leachates and/or soils).
The relative net effect of the slow to the fast processes during the time of
contact will determine their significance. If slow processes have a signi-
ficant proportional effect, it may not be possible to accelerate the testing
by reducing.the contact time below the residence time calculated for a given
liquid front velocity. However, it is also not desirable simply to wait for
equilibrium to be established if this requires longer than the field residence
time for a slug of liquid of a given composition.
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A changa in the distribution coefficient shows a shift in' the equilibrium.
i • e change in K could be plotted versus pH or hydrogen ion concentration, the

,oncentration of other ions, or against the measured values observed or cal-
culated for the slope, or other responses of concern could be regressed
against the level of selected experimental factors to see if a simple relation
exists between a response and a factor. (I.e., test for or derive a relation-
ship between the measured or calculated parameters and the experimental
variables.) But, it is necessary to be careful when drawing conclusions in

4i Jthis way. What is being done with the data to relate factors (variables) may
be analogous to classical vary-one-factor-at-a-tlme experimentation. If so,
the conclusions can be very far off if interactions existed between the
factors being plotted or examined numerically. The only sure way to take
interaction Into account is to run the experiments as factorial experiments
and then derive the relations between the statistically significant factors
w• • interactions using regression analysis. The effect of many kinds of
variables can be determined by relatively small perturbations superimposed
upon the total simulated field conditions, as by using the method of additions
to study the effect of the concentration of Ca++ or other ions. Other factors,
like teperature, surface area, soil type, etc., can be readily included. A
num•er of factors can be included simultaneously with factorial experiments.
(MOdels might be of help to point out possibly-important factors that should
be included in the experiments, but mental imagery, not mathematical fomula-
tions, ultimately provides the input for deciding what variables to include
in "eriments.) If the number of potential factors is large, it may be
destrable to run screening experiments like main-effect factorial experimments
first, possibly followed by fractional factorials.

Even with the best kind of designs, the magnitude of the effect of only

those factors purposely varied can be learned from the experiment, but some
other factors my have an effect and even interact with the experimental
factors. Out if any unidentified factors can be kept at the same levels as
they occur In the field (such as by using the same soil throughout the experi-
uemnt because some unknown soil properties may be significant factors), then
the effect of the known factors will be correctly estimated even if inter-
action does exist between them and the unidentified factors.
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SECTION 6

EVALUATION OF !NDUSTRIAL WASTES

Samples of wastes were collected from a single plant in each of the
following industries: zinc-carbon battery manufacturing, titanium dioxide
p.9 production, hydrofluoric acid manufacturing, white phosphorus pro-
duc ton zinc secondary-refining, and oil re-refining. These wastes (des-
.rtiWd in detail in Section 4) were examined for the water-extractibility of,•;• certain. inorganic ions during a series of seven extractions (by usually

redoubled volumes). This .corresponded to an exposure to a water-source, such
S *Lttmospherlc precipitation, for a period of time which can be estimated bythera•latton developed in Section 5, page .37. The resulting leachates were

then apptioed, n sequence, to three batches (corresponding to three layers)
of.• each of three different clay soils: Chalmers, Davidson, and Nicholson
soirl. Analysis of the solutions for pH, conductivity, and concentrations of
spl;ified ions before and after contact with the soils allowed observing the
effect; of a soil on the leachate, as well as seeing how later changes in the
"eachite affected the retention of an element on a soil. No attempt was made
"to investigate the mechanisms responsible for the soil and waste leachate
interactions.

-These wastes represented a reasonably wide range of characteristics forsting•.... t, graded serial batch.^,-'"•^••,poeue•fo eyslbera+1etingth graded srim batch eXtraction procedure - from very soluble to
rgati.vnly insoluble, from extremely acidic to highly basic, and one was an
organic waste. These practical applications provided data which could be
presented in a variety of ways. The graphs and tables that were chosen for
conveying the test results are included in the following subsections, each of
which covers one of the wastes.

First, in the discussion portion of each subsection, a short table
presents the leachability of the elements of interest in the waste. (Table
15 is &n example.) The column labeled Initial Concentration refers to the
concentration in the first extract. Next, the point in the series of extrac-
tions when the concentration in the extract levels off is identified. The
equivalent leaching time is taken from Table 12 and is offered as a compara-
tive index of the rate of leaching. The next column in Table 15 gives the
total Weight of the Element Extracted per gram of waste. This is calculated
up through the extraction prior to the one in which the lower detection limit
(LDL) was reached or up through the seventh extraction if samples remained
above the LDL. The last column in the table gives the percentage this weight
represents of the total weight of an element in the waste (as reported in
Section 4).

k59



7I
The bottom portion of these waste leachability tables gives the conduct-

ance and pH in the first and the seventh waste extracts. The specific con-
ductance was measured for each sample because it is a convenient indicator of
the solubilizatlon of m,• erials from a waste or soil. Multiplying the
specific conductance by J.01 yields an estimate of the number of microequi-
.alents of dissolved solids per milliliter for many waters (25). Multiplying
the microequivaltnts/mtlliliter by the sample volume gives the total micro-,• equivalents of Aissolved ionic species present in the extract. The figure

given in the table is the cumulative sum calculated from all seven extracts.
Although its accuracy will vary depending upon the equivalent conductances
of the mixture of ions present in the solution, this figure provides an
estImate of the amount of waste that dissolved.

For each element of interest a graph was prepared showing its leach-
.bility from the waste. (See for example Figure 24.) The y-axis gives the
concentration, micrograms/milliliter, of the element found in the extract (be
sure to note whether an exponent is given). The cumulative volume scale on
the x-axis is accompanied by a scale giving the calculated correlation with
time, showing the equivalent number of years of exposure to a source of water
which1is moving through the waste into the underlying soil at a pore water
velocity of 1 x .lQ"5 cm/sec. The lower detection limit for the assay is
india•ted to the far right for guidance in evaluating the significance of the
histogram bar height. Above the histogram bar is printed the total weight of
the elaent liberated by that extraction. This is expressed as micrograms
per gram of waste, which is equivalent to grams per metric ton of 2204.6
pounds. If and when the lower detection limit is reached, no weight is given
because the results in this region are undefined: they can be anywhere in the
range1from zero to the weight calculated from the detection limit.

fach w*aste characterization histogram is followed by a set of histograms
(one for each extraction) which compares the fraction of that element retained
frOm the waste leachate by the three soils for three different soil-to-waste
ratios (1:1, 2:1, and 3:1). The height of the histogram bar and the value
printed on it show the fraction retained from the cumulative total challenge
lup tp the point represented by that extraction (calculated as in colum I,
Table 13). If the soil gives up that element, then the negative value is
printed under the space corresponding to the appropriate layer of soil. The
soils are designated by the letters C for Chalmers, D for Davidson, and N for
Nicholson soil.

For example, the results of taking the leachate from the sixth extraction
of waste zinc-carbon batteries and challenging the soil batches that had
already been subjected to five previous extractions of waste leachate are
given in the following portion of Figure 25:
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The first bar in the first histogram shows that 75 perceAt of the cadmium
present in the six extracts had been retained by Chalmers soil at a 1:1 soil-
to-waste ratio. (Table 16 shows that the fraction retained from this sixth
extraction was -0.22, meaning that the soil was starting to lose previously
hold cadmium, although the cumulative net fraction retained was still 0.75.)
The solution exiting this first batch of soil can be different from the
solution that entered it in many ways, and the cadmium concentration was 0.80

g9/g instead of 0.65 ug/g, a difference of 0.15 ug/g. When this resulting
solution was placed on the second batch of soil, a total of 71 percent of the
cadmium was removed by passage through what is now a 2:1 soil-to-waste ratio.
This means thatethe different sample matrix caused a loss of even more of the
cadmium already on the soil. (Table 16 shows that the fraction retained from
the t~tal challenge to soil batch I1 up through extraction 6 is -0.15, a loss

--aof 1.42 ug/g cadmium.) Be aware that the fractions found in these experi-
msts s,, ,icy apply only for the wastes studied and for the concentration
level and total quantity of that element present In these tests. Extra-
polation could lead to erroneous conclusions.

Following the above-mentioned waste characterization curves and the
summarizing soil-retention histogram is a series of tables and graphs that
detail, for each kind of soil, the results obtained for each element extracted
from a waste. A table of values calculated from the batch extraction data in
the manner shown in Table 13, page 42, is presented for each soil. On each
page facing altable Is a set of histograms that give the weight, micrograms
per gram waste or soil, of element observed in the extracts from the waste
(designated by histogram bar W) and from each batch of soil (I, II, III) for
each of the seven extractions. This latter histogram thus shows the amount
of element penetrating or released from the soil as discussed in Section 5.
(Refer to Figure 13, page 44, for the significance of the histogram bars.)
The analytical detection limits are indicated to the right of the histogram,
but here they are expressed in terms of micrograms per gram of waste or soil-to be consistent with the units on the histogram. (The liquid-to-solid ratio
was kept the same for W, I, II, and III so that results could be expressed as
micrograms per gram of either waste or soil.) Because the detection limits
are expressed as a weight of element per weight of waste or soil, they
increase with each succeeding extraction because increasing volumes of
solution are used to extract a fixed weight of waste or soil. For this same
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e•a-- w the histogram bar height will iiicrease as the extraction proceeds,
fb the case when the output concentration becomes constant, because a given
con-entration in a larger volume represents a greater weight. So take note
thet these soil histograms are expressed in terms of weight of element per
unit weight of waste or soil. The corresponding concentrations in micrograms
per milliliter can be obtained from the accompanying tables.

To show the source of the numerical values on this kind of histogram, a
portion of Figure 27 is given as an example.
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The histogram identified as EXTR. 5 in Figure 27 shows that the 5th time the
ar sanmle of zinc-carbon battery was extracted, the solution from W contained

6.44 micrograin cadmium per gram of waste. This solution was mixed with the
first batch (I) of Davidson soil. (A flowchart of the serial batch extrac-
tion procedure is shown in Figure 2 for the first two extractions.) When the
solution was filtered, it contained 4.52 micrograms cadmium per gram of soil
contacted by the solution; the difference between W and I had been retained
by the soil. The solution filtered from soil batch I was mixed with soil
batch II for a predetermined length of time. After filtering II, analysis of
the filtrate showed that soil batch II had reduced the solution concentration
to 0.98 micrograms cadmium per soil contacted. This corresponds to the
concentration penetrating a seccnd layer of soil. The difference, 4.52 minus
0.98, or 3.54 microgranms cadmium per gram, was retained by the soil. The
solution frq II was mixed with soil batch III and the solution concentration
af the resulting filtrate was 0.35 micrograms cadmium per gram, only slightiy
above the lower detection limit (*-LDL) of the analytical method. Of the
initial 6.44 micrograms cadmium per gram in the fifth extract, only 0.35
micrograms cadmium per gram penetrated (i.e., was not retained by) the three
soil batches. The weights of waste and soil were chosen so that this corres-
ponds to the penetration th-ough the amount of soil equivalent to a 3:1 soil-
to-waste ratio.

Although analytical variations will be responsible for some of the
differences within sequences, as explained in Sections 1 and 5 the progress-
"ing waste extraction and the passage of the resulting solution through the
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_01 cgptlnually changes the solution environment and the soil. Thus, what
h lapes In one batch is not necessarily an indication of what to expect in
thnext.L This unpredictability is expressed by the plot of isotherm segments
0slotI in Figure 14. In many cases a chro-oographic type "peak" can be clearly
seen to move through soil batches I, I, and III. In other cases the peak
reMins "submerged" and Is discernable only as a wave of lowered retention
progressing through the soil as the extractions are continued. To simplify
the pre.-P.2tation of information, mainly the results from the 3:1 soil-to-

* rsote ratio will be discussed. This uses the concentrations exiting soil
bitch III and the fraction retained of the total challenge which was calcu-
lated for the row designated as I + 11 + 111.

The descriptive terms used in the following discussion will adhere to
the guidelines presented in Table 14. Multiples of the proposed safe drink-
ing water standards (SOWS) (26) or the safe irrigating water standard (SIWS)

•(27) are used as a point of reference to facilitate describing the magnitude
of the concentrations-of an element found in a sample.

TABLE 14. TERMS USED TO DESCRIBE THE MAGNITUDE OF ELEMENT CONCENTRATION IN
LEACHATES.

Term Yery Low Low Moderate High

L l Sows 10 X SDWS 100 X SDWS 1000 X SDWS
t .... Concentration, pg/ml

Be 0.1* 1. 10. 100.
B 0.75* 7.5 75. 750.
Cd 0.01 0.1 1. 10.
Cr 0.05 0.5 5, 50.
Cu 1.00 10. 100. 1000;
F 1.8 18. 180. 1800.Pb 0.05 0.5 5. 50.Hg 0.002 0.02 0.2 2.

Ni 0.2* 2. 20. 200.
Zn 5.00 50. 500. 5000.

SIWS

ZINC-CARBON BATTERY WASTE

The batteries used for these tests were reject, heavy-duty size D cells
which had been passed between rollers before disposal to crack them open and
expose the interior. Entire cracked batteries were used so as not to further
increase the surface area but this meant that only four batteries were included
in the sampling. These batteries could have been rejected by the manufacturer
because they contained the wrong proportions of some component and therefore
may not be representative of this type of battery. The batteries tested were
moderately corroded. A more advanced state of corrosion could be expected to
increase the solubility of the affected materials.
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,Table 15 summarizos the leachability of the waste heavy-duty zinc-carbon

-: batteries. The percentage extracted was not calculated for any of the elements
except zinc because the proportions given in Table 10 were an industry-wide
average and can differ greatly in individual proprietary formulations (28).

V•- TABLE 15. LEACHABILITY OF ZINC-CARBON BATTERY WASTE.

Element Initial When Concentration Levels Off Total Weight Percentage
Conc. Conc. Extr. Extr.Vol. Equiv. Extracted Extracted

.(g/m1) (Ug/ml) Nr. (ml/g) Days (oaig wqtste)

Cd 3.8 0.08 7 190 620 29.

Pb 0.27 O.I(LDL) 2 5 16 0.54 --

Hg 0.96 O.01(LDL) 3 11 36 2.1 -"

Zn 170. 1.3 7 190 620 820. 22.

Measure- Initial Final Estim.Tot.Extr.
-. (v equiv/g)

Conduct. (U mho) 32,800 77. 1350.
7.8 6.5

The effect of the three soils on thet specific conductance of the extract
was nearly Identical, as can be seen fro& Figures 18 to 23. The conductance
histogram show that a high proportion of the soluble materials penetrated
the soils at first, but the output from both the waste and the soils soon
dropped to a low level.

The pH of the waste extract dropped from 7.6 to 6.5 during the course of
the seve. extractions, which means that the hydrogen ion concentration
increased 1.1 ai-ders of magnitude, a factor of: antilog 1.1 - 12.6. The
Chalmers and Davidson soil reduced the pH of the first extract to an average
of 6.4, but the extract from the second and third batches of Nicholson soil
averaged 4.6. By the seventh waste extract, none of the soils changed the pH
much.

CadmiumI
Figure 24 and the data in Tables 16, 17, and 18 show that Cadmium

leached from these bdtteries to give a solution of moderately high (3.8
ug/ml) initial coicentration. Th.e concentration dropped exponentially to
0.08 ugiml by the seventh extraction. The first extraction removed 7.7 Pg
cadmium/gram of batteries; a total of 28.7 mg cadmium/gram was leached out by
the end of the series of seven extractions. The data in these tables, and
the histograms of Figures 26, 27, and 28 show that the cadmium was well
attenuated at first by Chalmers and Davidson soil but that all three soils
later released some of the cadmium (signified by the minus signs in the
tables) so that by the seventh extraction only 69 percent ot the total chal-
lenge was retained by Chalmers, 62 percent by Davidson, and 49 percent by
Nichol;on at a 3:1 soil-to-waste ratio. This is evident in Figure 25, which
also gives a comparison of the three soils for all seven extractions at three
different soil-to-waste ratios.

64



Lead was present in the battery leachate only in low concentrations:
0.27 Ug/ml in the first extraction and it dropped to the detection limit by
the second extraction. The cumulative weight extracted was 0.54 ug/g. (See
Figures 29 to 33 and Tables 19, 20, and 21) The waste extract did not flush
s1gnificant amounts of lead off the soils; the extracts were in the region of
the detection limit so the data cannot be used for further calculations.

Mercury was observed in the first extraction (Figure 34, Tables 22, 23,
and 24) in a moderately high concentration (0.96 Aglml) compared to SWDS, but
it rapidly dropped to the detection limit. A total of 2.1 ug mercury/gram
was extracted in the first two extractions. Figure 317 shows that Chalmers
was the best of these soils for retaining mercury for this extract. Figures
36, 37, and 38 give results for the individual batches (layers) of soil.

Zinc was present at a moderately low concentration (170 ug/ml) compared
to SOWS in the initial extraction, as seen from Figure 39 and Tables 25, 26,
and 27. The concentration dropped rapidly and reached very low levels by the
fourth extraction. The total weight U; zinc extracted in the seven extraction
was 820 ,g/g, which Is 22 percent of the total available. Figures 41, 42,
and 43 show the performance of the soils. The cumulative fraction retained
graphed in Figure 40 show Chalmers and Davidson soils retained about twice as
much zinc from this solution as did Nicholson soil.

In the leachate obtained by extracting broken zinc-carbon batteries with
water, the initial concentrations of cadmium, lead, mercury, and zinc were
low to moderately high compared to the safe drinking water standards. Their
concentrations decreased as the leaching progressed and the effluent from the
soils contas.-ed very low concentrations, although Nicholson soil retained
less of each than did Chalmers and Davidson soil.
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TAKLE 16. CADKU1U FROM ZINC-CARBON BATTERY WASTE ON CHALMERS SOIL.
NT.PIC T•U. ANT,1ff. CUT. OW.TOT. FRACTION 2ETI. DISTRIX)TION COEFFICIENTSUT. THIS EXT. C)&. IET•. THIS TOTAL PE(T1. iNCL SOIL SOIN ONLYMR. L R US. US/C USC UAC UCG EXTR. UILL.. FACTOR RATIO DEG. RATIO MG.

.2 .SS 7.12Z 7.67 7.1L2 .93 .93 .07 13.94 05.91 13.63 95.61I
U .61 1.1IV -.65 .55 -. 6S -1.10 -1. 1 2.18o -.12 -7.16 -454-29.45KU XV .4 165 1.19 .65 S .4 .5S4 .44 2.12 64471 1.26 S4.661+11 3.24 3.63 3.24 .64 .84 .16 7.16f 81.9 " 5.43 79.56

K.IK.Ull 2.37 2.S4 2.37 .93 .93 .07 21.39 97.32 13.11 9S.64

2 1 .66 2.64I
1 .39 i. to .85 9.76 7.97 .42 .82 .51 7.17 62.64 4.75 61.5711 .4 1.21 -.11 0.3 -.7S -.69 -.43 1."9 -.26-11.04 -.53-36.2ain .17 .21 1.69 2.48 1.74 As .70 I 11.27 I 4.93 6.75 3.4+*u .7 4.65 3.41 .37 .74 ,63 7.17 12. 5. 62 79.93

K*KI*UI .41 3.23 2."9 9A . .1 6 7.02 8.196 4S. 1s 0.73
8 .4? I.R

1 .11 44 1.06 12.22 9.f5 .75 .1 .25 14L.12 16.45 15.34 64.27u .14 .23 .42 2.37 -. 34 .45 -. 14 .35 .71 3S.DS -1.48-55,91111 (.11 <.,4 .17 2.71 1.9" .74 .70 .24 44.67 U.S7 31.74 09.211+11 1.15 4.11 4.74 .91 .78 .69 561.6801.87 41.N 091 .3K+11KUl .12 4.67 3.11 . .93 .02 265.35 99.79 8 1".35 89.71

4 6 .15 1.6
K (.11 (.12 1.49 14.13 1 .54 .93 .92 .17 101.37 09.43 94.20 69.40II .-1 .92 -. 01 2.49 -1.14 -6.14 -. 44 7.A6 -.49-34. " -1.2341,99III 1#o i.±S -.23 3.U3 L.47 -. 25 .46 L.25 1.89 62.16 1.45 55.40P+II .45 7.62 5.21 .49 .74 .51 13.47 95.75 11.31 64.941+U11+1 .22 4.68 4.1. .36 .86 .64 14.41 6.163 1.49 84.56

s I X 6.44

1 .6 2.61 4.42 26.47 15.97 .69 .79 .31 8.19 83.63 7.94 82.82II (.t (.24 1.77 4.S4 .3 .l .34 .12 4.73 78.16 2.65 69.31111 .11 .33 -,9 3,7 i.S9 -. 36 .41 1.34 6.38 01619 4.35 781351+11 131 16.24 3.34 .9% .81 .64 77.51 89.26 69.18 89.17lI*U*1 2.14 6.82 6.64 .95 . A9 .65 69.34 39.17 5.59 88.97

4 O.61 .65
1 .02 .0 -. iS 21.13 15.9P -. 22 ."' 1.22 21.4L 97.19 19.78 07.111 .AS 2.23 -1.43 S.31 -. U6 -1.79 -. IS 2,7? -.13 -7.54 -. 36-09.62III .s3 12 .95 4.16 2.53 .42 .4 .5S 2.36 67.11 1. 97 643.111+11 -. 79 16.56 ?.51 -2.41 .71 3.41 7."4 82.54 6 74 81.56I+IIllI -. 21 7.64 5.05 -. 96 .83 1.96 17.17 86.67 13.67 85.82

7 , U 7.61
1 .14 3.73 3.38 28.74 19.71 .AL .69 .49 5.4t 79. 3 S.28 79.271 .42 2.84 #.71 9.14 .96 .45 .if .5 .69 34.54 .44 23.88III .M6 5.40 -a.44 3.10 -. ?1 -1.69 -.11 2.69 -. 17 -4.28 -,17 -9,43I+lI 2.7f 14.37 16.34 .73 .72 .27 11.16 84.85 1i.12 84.36I+I4III .71 9.56 6.56 .28 .69 .72 4.42 77.24 3,.9 74.4S
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TABLE 17. CADMIUM FROM ZINC-CARON BATTERY WASTE ON DAVIDSON SOIL.
MT.Pk-AM. IITITI. CM.TOT. CUI.TOT. FRACTIIN AM. DISTRIIUTION COEFFICIENTS

alt, -" . cS. litlRM. NIS TOT. L.PENC. INL SOL SDI. ONLYd. LAID 116]IJ 1l6/C UG'C W U 9A4 OM6/C LXI1. CHALLS. FACTOR RATIO D(E. RAfIO DEG.

1 1.00 2.61 5.4 7.67 S.4 .74 .74 .26 3.54 74.23 2.2 71.44U 41 .3 1.21 2.11 141 .40 .40 .41 3.27 72.9" 1.46 55.93fib .1 6 5 .1 .65 31 .81 .19 13.34 65.71 4.14 76.421+11 3.43 3.1 3.43 .p9 .19 .11 15.4• 36.34 8.46 83.261+11111 2.9 Z..4 2.50 .9 .91 .12 136.46 89.5L 47.45 ,el.

2 3 .9 A 2.14
1 1.42 4.U~ -2.83 9.71 2.33 -0.9 .21 2.39 .0 41.34 .5e Alliu .31 f 3.9 &.87 .is .31 .75 .19 7.24 02.14 5.4 8.16611 .16 . .74 1.72 1.309 .2 .18 16.91 4.142 0.2? 63.121#11 36 4.5 3.99 s .02 .45 15.16 86.23 8.78 83.501.II.111 .62 3.23 3.13 .92 .97 .N 133.36 89.57 55.76 9.17

3 II ,46 2.5

1 .14 .5 1.47 t2.22 4.31 .4 ,37 .34 7.12 81.89 5.31 79.33II .08 .47 .33 7.72 S.S4 .45 .72 .A3 14.97 16.18 11.84 85.181 .36 2.10 -1.72 2.19 -. 32 -34.6 -. IS 4.46 .5 27.25 -. is -4.451.U 1.63 4.i1 5.02 .31 .82 .19 33.94 09.31 21.51 87.341.I .11 4.07 3.24 .13 .79 ,87 10.42 04.52 4.45 77.32

4 v .15 1.31
1 (.11 (.12 1.49 14.63 4.19 .93 .44 .07 63.71 89.11 5±.2 81.89tS. ... ... 7..3 - . .6 -1.A .59 i... 5,46 04.31 4.46 77.36IU ,II .2 ,75 3.22 .2 .73 .13 .27 6.59 91.37 1.51 56.211:11 .3P 7.12 5.41 .43 .77 .57 1613 86.43 10.43 M4.S3111,111 .51 4.11 3.7S .84 .80 .16 85.28 89.33 39.44 88.55

S t .27 4.44
.19 4.2 1.91 20.47 1.11 .31 .40 .70 2.11 64.69 1.79 41.86I .14 . 3.34 12.36 1.14 .78 .,6 .22 9.79 84.17 8.31 83.141U .01 .3 .63 4.21 1.64 .64 .25 .36 7.13 82.12 3.11 71.611411 2.73 10.24 3.13 -IS .79 .15 22.4 87.45 16.57 96.55I4.I+111 2.A3 .02 5.77 .95 .85 .s 86.42 89.34 49.29 89.84

6 4 .11 ,45
(.t1 (V.4 ,17 21.13 8.28 .27 .39 .73 21.28 87.18 17.26 86.66c (i1 (,46 . 1.2.14 8.14 .11 .44 1.16 20.1 82V.14 17.1 86.63III .14 2.14 -t.56 4.6 -.51 -3.24 -. 1t 4.24 .47 25.13 -,'5-03.78

1+11 .09 16.54 8.22 .27 .78 .73 46.34 N,76 34.25 88.331+11411 -. 46 7.14 5.31 -2.11 ,75 3.11 14.24 85.98 7.83 82.72

7 V .08 7.611 .12 3.25 4.34 28.74 12.65 .7 .44 .43 4.34 77.12 3.89 75.611I .,2 1. 40 1.4i5 14 19 9.1i 51 .61 .49 7.04 81,91 4.13 80.73
U1 .164 5.7 -4.27 4.29 -4.77 -2.67 -,76 3.67 -5S7-29.47 -. 91-39.191+11 3.11 14.37 11.23 .7? .78 .21 17.06 8.76 i4.13 8S 9,S11lIII .5 9.56 5.91 .23 .S2 .77 S.24 79.20 3.12 71.65
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TABLE 18. CADMIUM FROM ZINC-CARBON BATTERY WASTE ON NICHOLSON SOIL.
U..TPDICTR,. MTRETI. CUmTOT, CETOT. FRACTION RETD. DISTRIBUTION COEFFICIENTSETH. ThiS EXT. QALC. .ETD. THIS TOTAL PENETU, INCI SOIL SOIL ONLYN. .*k Jc/lL lc • u•c UG/c UG/G ExTM. Di,•U.. FACTO RAHIO DEG. RATIO DEC,

w 3.83 7.7-I .93 1.8 5.64 7.67 5.81 .76 .76 .24 3.38 73.54 3.12 72.21U 2.0t 4.11 -2.14 1.86 -2.14 -1.15 -1,15 2.15 -. 41-22.26 -. 53-28.12LU 1.95 3.71 .21 4.11 .27 .17 .17 .93 .21 12.17 .08 4.S2l+I1.1. 3.83 1.j3 .46 .48 .52 1.4? 4.78 .92 42.51I+II#UI 1.32 2.56 1.32 .2 -52 .48 2.28 56.34 1.17 46.8?

2 V .d 2.041 .68 2.13 .ll 9.71 5.81 .11 A, 1.61 3.11 72.13 2.86 70.71II 1.1 4.32 -2.71 3.91 -4.92 -1.37 -1.26 2.37 -,•-42." -1.12-45.61ll 1.69 3.26 1.5 9.82 1.85 .32 .21 .68 .72 35.85 , 29.641.31 -1.37 4.85 .44 -1.37 .19 2.37 .61 31.91 A19 18.411.l1.I1I -. 41 3.23 .91 -. 61 .28 1.64 2.22 65.77 .84 46.65

3 V .42 2.32
i.1 1.06 1.45 12.22 7.25 .57 ,59 .43 7.21 82.11 6.74 91.56A .4• 2.131 -1.31 4.97 -6.23 -1.22 -1,25 2.22 -2.41-67.41 -2.61-69,6II .3 1.93 .4S 11.21 2.30 .19 .21 e81 1.45 55.42 i.19 s5.11I.1I .7/.11 -.51 . 16 ,0 .95 1.27 51.72 .43 23.,e.lII+ll .2 4.17 1.11 .23 .27 .77 4.65 76.12 1.72 59.83

4 0 J.15 ti1 .26 3.13 -1.32 14.13 5.93 -. 73 .42 t.7.- 2ze 64.12 t.99 0-.4.ii P.2 575 .59 8.10 -5.4 .19 -.76 .81 -2.12-63.67 -2.22-65.72-III .1U .32 2.23 13.7S 4.S3 A ,33 ,12 t5.-9 86.42 14.39 86.031+.1 -. 37 7.12 .14 -. 41 .12 1.41 .91 41.95 .li 6.451+11+111 ,So 4.68 1.61 .83 .34 V7 29.S8 98.16 15.31 86.26

s 0 .27 6.44
1 .61 .24 6.21 20.47 1.13 .96 .59 .14 S2.61 88.91 SO. 38.87II ,- 1.9M -1.71 8.34 -7,3S -7.13 -.88 B.13 -3.51-74.i1 -3.77-7S.14Il1 .61 .28 1.67 tS.71 6.21 .86 .40 .14 24.66 87.62 22.27 87.43I+I 2.24 11.24 2.39 .71 .23 .31 3.47 73.93 2.45 67.76+IIII.I 2.65 6.82 3.66 .96 ,54 14 S5,.3 88.97 39,39 88.SS6 U .l .! 65

I .2 130.3 -t2.73 21.13 -. 61 -19,44 -. 13 21.44 -.Ai -. 43 -. 04 -2.57I .02 1.14 12.34 21.72 4.98 .92 .23 .08 S.26 79,24 4.78 78.19I AS .65 2.33 -1.29 16.74 4.f2 -1.23 .29 2.23 2.33 66.77 2,12 "4.71I+11 -. 19 13.56 2.19 -. 59 .21 1.59 6.13 81.73 4.21 76.631~1I~llI ".56 7.04 3.16 -2.S6 .44 3.S6 S.93 86.43 4.10 75.96

7 W .18 7.61I .13 2.57 S.14 28.74 4.44 .6 .15 .34 1.92 62.S3 1.73 59.96II .13 2.07 .1A 24.2? s5.8 .64 zi .96 2.26 66,11 2.5S 64,0SIII .13 2.91 -. 44 19.21 4.49 -.18 .23 1.8 1.71 S9.74 1.S4 S7,04I+1I 2.57 14.37 4.76 .68 33 .32 4,66 77.89 3,8S 71.4SIf+III 1.57 9.S 4,67 .62 .49 .38 6.36 81617 4.82 78.27
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TABLE 19. LEAD FROM ZINC-CARBON BATTERY WASTE ON C AL RS SOIL.
AHT.PE'. M.JETD. C.OT. CKTTT. FRATION RM. PISTRI•UTION COTFICIFJT

Ew. THIS m.T OIM±C9. RM~. THIS iTDTA PaiE. IMX SOIL SM NL
12. LAUi'K " WC. T. WC UG/G M .OLU. FACTO RATIO E9. RATIO MEC.

X 49 . i ,4 .1 .11 at1.9 184.49 99.6 .11 .58
.19 .3 1 Is3 3S Z .29 .71 261.19 89.79 .4122.18
" .41 .02 -.44 .3c -. 44 -1.1 -1.16 2.16 119.68 893.2 -,54-2.24

1+11 .18 .27 .18 .31 .36 .71 1139J'. W9 94 .42 22.87I*11.111 -. 19 .18 -.,9 -. 52 -.52 i.52 1681.64 893. -.34-18.87

2 U <.I$ <.31
1 .43 .39 -619 .84 -. 09 -.31 -.11 1.31 258.79 89.77 -.2242~.43

11 .15 .44 -. 15 .93 .11 -. Q12 .12 1.12 223.68 89.75 .65 1.ý9U. <L.4 .2 -.30 .32 -. 37 .68 3V7.338.,.2 -1..11-4.is
14!-6 42 .61 -.46 .63 1.46 899.38 099,4 1 .15 Ir.9

1.UI .66 .29 -. 19 .11 -.33 1.66 2954.67 89,91 -.93-42.97

3 V Cit (.0.
I f.1 If 6.4

11 .12 .71
Q0 ( .~g 64

4 U (.31 (1.2• The rema inder of the tAble
I (.1(1.23

(.16l. (120 was not calculated befause
.(.10 (1.20 .P "" ... .. 6- -- OI

U € i, below the detection limit.

11 1 11 12
I÷I

l+1I.1l1

I (.11 %2.44
II .11 2.64
III (.i (2.41

Ii!!

6 (.16 (4.18
I .1i 5.49

II (.11 ( 4.9
u.1 (.16 (4,.8

l4II
14II÷I1I

7 i .16 9.85
I C,1l <0.6

II <.9O 49.60
I1ll 2 11.81
II82
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TAKE 20. LEAD FROM ZINC-CAR90N BATTERY WASTE ON DAVIDSON SOIL.

MUi.Mi•, iff .MID. OM.TUT. Ou.rp. FCrI T R[M. DISzTIIuON C.OfFICIE]T
EXT. - TOU EXT. M.L;. Iri. THIS TTIL PWETR. I, L SOIL SlU OlLY
0. LM h Il/; 11/6 Uaft 06 we EXTIC. ULG•, FAMT. RATIO DEC. RATIO DE.

1 .27 .34
I <.I# (Ca 4 .S4 .34 .63 .13 .X7 771.71 9.?3 1.71 S9.4

1II J4 an -A .2 -.11 -. 41 -. 41 M.4l 545.'. Pf -.Z5-.b.2.

I141 .13 X1 :13 .43 .43 .2 2135.71 f. 7:??4P 3
I*.1 (. AS . 1 , .3 .2hz .71 6"1.41 P."3 .4I 22.21

I C 4.31M

3 I (.ll 4.M
I (.0 ms

a (a,.1,i

U .Ill

II (.1 (2.
1. A.111
w (M.1 (0.31

U (.13 (•. 4*

itu

1I (.1 ,4.W

I (s (C.4.8Ul C (ý1CAlll

u (.to (,.
III 12.66
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TAKE 21. LEAD FIMO ZINC-CARDOO BATTERY WASLTE ON NICHOLSON SOIL.

A~T.~h~. ATECD. C2.TT. M.TT, FACTON CU.DISTAIUTION COEFFICIENTSW.TNIS EIT. ChugS. MCU. THIS TOTAd. MvcRu. INCI SOIL SOUl ONLYN.LAVU UGAI UGc ug/C U94C U"/ CITE CNOW" FACTOR RATIO KEC. RAM 10 C

m.16 .21 .34 .54 .34 .63 .63 .37 499.71 89.99 1.71 59.4
PU .D 6.6 -.46 .21 -.41 -2.21 -2.29 3.23 15.28 5?.Q6 -.60-34.79

111 f.18 <21 .46 .64 .46 .69 .49 .31 Sol.3n 99.5 2.28 66.2?
z*U -. 06 Xz -. 16 -.22 -. 22 1.22 U07.71 P.9,1 -.1t-t12. 14U.i, .2. .3 ., 7 440.70 Pc .7, S9148

(.11 I.31
111 .12 .37

IfU

I#II

4 (.16 (1.29

1 4.16 41.21
. <411 41.21

II .II'IIIa

I4U

41011.1111

le .26 9.62

•II (.16 (4.36

L U 4.16 (4.10

E1 .1 1.1

LUI+II

7 U .1l 9.65

1 i413 (9.69
IU 4.16 (9.66
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""AILE 2. 22R- U FUN" ZINC-CARO BATTERY WASTE ON CHALIERS SOIL.
•' t.r, . ur.w 1 .w.. iA.MT. MUIlR am. )IMs ION cfawiIfm. To 113. Ml W..C, IM. T1ll TUIr.L PI(1T. Da 9IL SU OUY*. IAM W^ VA X W4 WS4 OIn. OIMU;. FACT IATtO 8E6. IATIO QM.

U .A 1.3-. 17 A 139 i.92 1.-9 .3 .83 .17 4.1. 73.13 4.74 7.1.-(.ft 4A .31 .,3 A .9 .93 .7 12.7S I.8S2 12.75 81.,2

[U .I9 7 -. 05 . -. s -1 2 -1.92 2.92 -.W]3.3 -1,6-33.31Ion .9 .9* 9. ,a9 .A9 .1 7..17 .9.27 71.17 9.27
A. . .4 A * A A .64 2I. 8 14 2.4I .2 ,14 7.11

I 4.81 t.6 .17 .132 1.74 .31 .13 is 57."93 8.1 57: M33R8

in 4.01 4ia I .5 -A -. Is 1. 1 . -1.S3-5. 9 ,

141 .06 1J .3 . " A .1 A .1 .1

-C-4 4.06 A.1 .1 0 1 1 .1 U"01 B"N

"".Kt t it - 1 -. 4 1.II -.77-37.4 -. 77/-0.4
$,11 ..0' IM L .11 34.1701.32 34,1V U.2

4 1 .11 .12
1 .83 At : 2.31 .97 -6.91 . 7.96 .IM 44,719l..~47it 8 4.14 tr.2

$ a 4.N1 g.24 The rofti4slr of thn table
U• CA C24WS AOt calculatedl because

4-.t t.24 the concentrations were

Ut 4.1below the detection limit,

4.1 1 (.4
211 4.11 4

"II I.I•II7 3 .81 4.4
Mlum

I d.l v.97
1 't.1 .07C.11 1 9

In 4.11 09
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TABLE 23. MERCURY FROM ZINC-CARBON BATTERY WASTE ON DAVIDSON SOIL.

ANT.P911. NT.IETV. CIILTUT. CI.TOT. FRACTION RETD. DISTVIDUTION COEFFICIENTS
EXT. ITHI EXT. D.I. WIS. THIS ALTOI PE.ETR. INCL SOIL .LN ONY
0. LYeR hG/N UGs UGc ULVG U.GW/ CM.i O)M"L. FTAM RATIO DEC. RATIO rGs.

I .9 A 1.92
1.5 1.9 .83 1. 92 .83 .43 .43 .57 .76 37.21 .76 37.21

K!.62 .3 LS. 1.6If 1.34 .97 .97 .63 3S.11 836.3 35.61 88.34
II .a .32 -o29 . -.29 -,9.47 -9,.671. -.9-4. -. , .18

KIII .94 % .94 .12 6 2.33 89.189 62.3 ff.048
i.KK*Ul .53 .64 .53 .83 .83 ,X7 4.94 78.S 4.94 78.55

.64 .1 .69 2.12 f2 .47 .44 .53 9.73 83.44 6.71 93.44
1 cII c.6 a A 1.20 1.14 .71 .IS .29 37,53 0.47 37.9 08.47

III all "05 -.02 .14 -. 31 -. S4 -5.69 .61.1 -.. 7H14l
1+11.3 1.04 1.13 .95 .97 AiS 7.3 ff. 14 67.?3 ff. 14

011#111K .6 .71 -S .77 .83 .23 39.51 36.51 38.51 96.51

3 I9 €.3 (.34
I (Al 1.16

II I.(1 A .16
IU .II (.0 1 (0
InU 4.11 4.66

4 il <.It 4.12

i ,.11 4.12

I <.I1 4.24
II -. 1t (.24
III c.11 4.24

IiiU

4 ~ t U I .48
K 4.01 (.A6

1 4.11 4.46II. .17 !.15

7 U (.11 t.t7
K 4.01 4.9ff

1U 4.11 (.97
4I , .IK .

I•II
92
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93

Imu mu umitIv uvw lld'MWV .A



T 24. MERCURY FmRO ZINC-CARBOE BATTERY WASTE ON NICHOLSON SOIL.
*lur.lMci. AN.TA . om.ln. coIlm. RAMcO Imto. *xllIunON CCUFICzIrfSW er. -= i T e Nr. U" .11711, THIS TOTAL P1M1. IN. OI.L SOU KYIt. m Raw w vc VA W1 U Ux. OML.C. FACl RTIO l0. RAI-TO N3.

t v 9 1.92
I us 1 .0 .f 12 .67 .45 .45 .55 .83 39.59 .83 3,59U .62 .0 1.1 1.05 1.11 .% .9% .14 5.11 37.71 25.11 37.7tKI . .91 -.87 .64 -. 7 -21-. -21.51 22.50 -.96-43.71 -.9.-43.711#1l .9 .96 .94 oA .93 .12 46.5 U." 465. 8U.7714,I11,111 .34 .64 .34 .53 .53 .47 1.1143.1 1.11 48.11

a It3 .9 l1 2.12 A9 .As .46 .45 1,76 34.69 11.76 94.19U .35 .14 -.15 1.14 .1% -.90 .us 1. 7.87 31. 95 7.67 81.95I .14 .41 -.V .18 -1.14 -2.16 -,.46 3 -2.,- 2 -2,7,.2
.63 1.61 .97 .32 .92 A1 14.24 G. 98 14.24 IS.9" ILIIfm -,-7 .71 .2 -ms .38 2,6 1.91 62.9s 12.95

3 I <.f1 (.6o
I (A0 (. (A

11 (A.01 (6
1+11#1 It ,1(-I (.1 .

4 8 <(.i6 (.12

1 <.It (.24

1I (.11 (.2
C (,It (4.4

11i C it (.48

I÷II
1.1I.l11

5 (,l1 4.24

1 (.It (.94II (.61 (,24

11 C.h <.,4U < .if (.46

III .1! (.46
I,"I

1.11.111

II (,I1 <,97

III (.61 (,97

1*IIJI
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WMLE 25. ZINC FRO ZINC-CAR"O BATTERY WASTE ON CHALMERS SOIL.
SI1.P9•IC3. AIT.DErh. CIUTOT. CUN.TOT. FACTION RETiD. DISTRIBUTION CETII CIENTS

7.- - TI= EXT. OMLLC. RM. THIS TOTAL PONET1. INCL SOIL SOLN ONLY- . LAW, 1 UGt WA mU UGA MUG Dn. X UC . FACTOn RATIO DM, RATXIO DS.

1 6 04.21342.31
t 24.904.79 n2. 343 292.40 .85 .45 7. 12 82.1O S.98 1.34I .& 4I .S1 43.8 49.79 43.2 .87 V .13 16.1 U 6. 45 6.64 91.44KU .S . .11 6.51 S.1 .78 :78 .22 47:." 93.80 3.6 746

67r.04 171.2 167.9% .9A .12 99.99.34 Si.56 88.39IIJ46 11~IZ 3," i4.13 ilJ.i L.U1 i.II .11 4B.17 @9.9t 242.88 P.74

1 1 34.49 73.40
J .% U.• A 1l40 451.V 354.213 4 .84 .16 3G.12 N9.36 29.8288.181.11 3.91 7.95 641.7 51.23 .67 .33 .33 28.61. 08.1 13.06 85.62I .48 1.d 2.47 16.44 7.9 .63 .73 .X7 47.708.31 5.21 79.1434.71 257.93 23.71 .95 .9A .17 1t6.32 8p.mt 1i.3. 3.45

. 0 1 . .. 1,.2 6,. a ,9. 2! M ."7 3,8.
3 5 9.165S4.36

1 2 3112 51. 471.23 40.43 . .I" .A 1.o71 .4.2 129.91 89.561 .a6 3.7 37 -. 64.79 .50.3 -.19 .78 1.9 31.17 B.1 13.8S 8.1.7911 .47 24. 9 1 14.17 1.4 .24 .6 .7, 24.94 37.71 3.171.64btll 5.32 M.1. 2W3.63 .93 .97 .17 tO.71 89.70 122.37 P.53
J *I÷•Ul 17.41 i56.74 154. .91 .9J .JS 362.24 89.84 164.06 09.655 .3764.08

1 .19 2.31 2.11 94.78 471. .49 .A 7 .04 229.90 39.75 293.16 89.72II .21 2.3 -.24 0.11 59.38 -. I J 1.11 44.08 38.71 19.8 087.11In ,12 1.4S 1.1.9 1.71 9.58 .43 .S7 .57 04.308.83 i69 21.371*11 38.97 267.35 259.10 .91 .97 .14 39.4 89.P9 203.S2 89.72I I 3214.0 173.23015.36 .96 .9A .02 745317 39.92 39.74 89.84

S 1 1.92 463.06

1 .36 8.73 37.33 S111.76 S04.94 .11 .87 .19 64.95 839.1 4Q .7 89.861S .A3 4.5 3.03 ;S.2 4.126 .44 .72 .5 23 V.9 3761 11.19 84.89i .14 3.08 .9 21.56 0.5 -5 .2 3 .4 .86 18.65 86.93 2.72 69.811 20.10 206.38 279.60 .94 .96 .11 16t.34 89.66 i11.33 89.S01.ll.ll1 14.04 193.9 189.92 .92 .9 .09 290.31 89.91 146.90 89.61

6 2.31 11.157

1+11#111 34.49 271.72 26.34 .91 .97 .09 1263.8 89.65 70.44 89.36

7 1 129098

1 111.516 11.4 797 8 4 442 87 06 85
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•~ ~M 26. ZINC M') Z'W•.-*Jt@W BATTERY MAUTE ON DAVIM~f SOIL.

AT.,PET M. ANT . CUH*TUL UL.TIT. DICTIONRET1. DISTURIUTION CO IC"IETSC1IT e.T. O..L;. RETI. TnS7, TAL PGE11. INCL SOIL SC ONLYM. IMA M RM MGC U" JG/C/ EXTMC. OW.LC. FACTR RATIO DEO. RATIO KG.

I 11.1 9.3S 319.24 34.39 319.24 .93 .93 .67 16. 7 06.41 13.79 PS.65'1 1.. 2.71 21.44 3.s 15 244 .- .N .12 27.V 7 57.95 7.55 82.46II .64 1M7 1.43 2.71 1.43 .9 .53 .47 44.35 1.71 1.13 48.42I*L 19.94 171.2A 16.34 .99 .99 .it 26.77" .72 125.49 09. 41.11 ui. i.4 43 i.-1 1 .1 1 01 A 67.62 89.,1 g.1s 89.79

a v 24.4973*
1 4.35 13.6 06.42 415.37 379.66 A6 .91 .18 332310.28 29.67816.03U -72 2.1, 1.91 36.21 31.5 .04 .5 .14 41.,14 M.57 4..7386.17Ku 1.09 S.M 2.32 4.36 -1.49 -1.36 -.31 2.31 16.54 64.56 -.29614.36S5.66 267t. 15.56 .97 A M.93.3 3 191.65 89.71Z+,UU U.N 1.6 136.51 .93 .A6 .17 171.22 9.68 81.69 39.

3 9.66 54.36
1 1.62 6.19 4.V 476-21 , 4.93 .91 .1 79.29 9.28 71.26 89. 1u 454 1.1 2i . 42.36 34.23 .47 . .1 3 V944.73 98 .4 '.,66 64.4LU .43 &W Lol 3.67 -. 15 .26 -.11 .16 21.625. V . 33211

=-57 2511 13.1 M9 A9 .66 212.3999.73 14.89319.06i.III 17A1 156.74 19.77 A9 A9 JS TAX.319.85 179.1109.68

4 v SM3 64.45
1 .44 5.33 5.15 94.16 47.6 .92 .9S .011 161.65 9.44 91.4 89.437u .IS 1M 3.5. 476 1 . .66i .79 .34 51.81 U.N 20.74 87.24. b1 9 -. t -44 -jl3 -. ii 3.13 2. i 7.Ii -. 80-i2.4iS31.3 W.35 262.41 .97 A .9 63 409.69 89.84 ',S8. 39.83

I+lUUI 26.61 1Mi.23 174.597 . 19 3 494.43239.18 254.18 89.77
1 w . ,2 46. I

1 .22 5.33 44.72 56.7 5.3 .16 ft .12 169.29 894 91.9) 89.42U .67 1.76 3.64 52.96 41.31 .68 .73 .32 56. 86 W.99 24.39 87.65111 .21 5.59 -1.39 1.53 4.49 -2.61 -.39 3.66 9.92 84.25 -. N0-41.41

1+11 22.1 3 . 236.5 .94 .9A .164 44. 106 9. 88 354489.83+I+14IU 11.66 293.59 166.23 .99 .97 .11 218.97 89.72 116.93 89.46

6 1 1. 7823k

i 16.11 94.73 691.54627 .87 .90 .14 42.3S 88.6S 38.91 88.53
1I .16.79 9.21 3.,96 56.59 .Is .7n .42 1.56 e6.32 17.4 82.36
III U. 2 1 . 3 , 9 21,11.37 -3.28 .B -. t8 ,8V 9.28 M9,RS -.59-36.4s

1+11 S.99 345.77 3.58 .94 M9 .66 131.06 89.S6 9.18 89.421+1+111I 35.17 237,5 223.36 .9s .97 .IS 268.94 89.73 121. 5 89.52
7 V 1.29123.62

1 .14 15.51 1HI.1 815.1% 736.68 .8 .96 .03 50.64 88.87 47. 15 88.7811 .16 S.12 9.76 84.4 66.29 .63 .7t .38 19.82 87.1± 10.36 84.49111 .11 9.21 -3.39 24.19 -6.67 -.58 -.28 M.8 SM2 79.21 -. 72-35.911.11 58.96 467.58 39S.49 .95 .97 .I5 173.78 89.67 i35.96 89.58*1+1131.14 271.72 261. 43 .93 .?6 .0/ 138.89 89.59 85.1 89.33
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~~ TMIE 27. ZINC MRM ZINC-C~O BAYTENY WASTE ON NICOWLSON SOIL.I

11.813.Aff-MI. =.TGT. COMMr FIKTM RMr. DISTWUNTIOE CWFIC1EMTSI=t u. a.&c. KO. TNIS TOTAL r a. INEL sci. so. u mImi. LA aftIl WA, US/ wSc US/ on~h CNS.. PaCTm RATIO Sm. RATIO am.

T 9g13 14 .144 30.39 144.3 .41 a .M L1I 04116 .73 34.01u 13 V 1.M1 7 9A.4 It.6 a 1.41 A.31 u . 1A 1.1044.1 .~524.1112 SLS a47.411 &.0 1111 N."9 a3 n3 x .0144.31 .2315.50zPn IJ11i.21 111.1 .61 .&1 .46 3.0974.34 1.54 54.37I+*MIU X344 114.13 M3.44 M .69 .31 34?03.13 2.21 45.54
1 34.0 n.41
I L4 0.31 3.18 is51.0 14.41 .14 .3 A, 3.14 72-45 2.1444.5111 13 £89.9 N.N93 363.46 U.17 -.%4 n 1.54 .1941.52 .2311.44

MU 13.M UL" 33 awn.1 u.33 .23 n3 . 1.49 56.16 .6231A8141 -89 137.1 34.9 . .41 1.49 4.23 74.15 1.5 5 7.14

12 04 .1 -4.14 13.5 74.31 -.17 .54 i.7 1.53 54.55 2.3? 2a.
I 2x .3 a. 34.14 473.n 1*1.4 A4 X3 3 27 55 9A 13.61ni C.3 an -0-11 M-5 IM9 -.91 .11 1.9 2.04663I .16 5.ALa1 w.it .g t .f .30 .3? A.73 12.45.0 4.578.34

F .ii1.1.3 154.74 703.51 -.21 .45 1.21i 13.4656.75 3.2272.73
4 6 S.VU.41

1 1.86 18.71 1175 971 17 3 .46 A3 .44 .21 24.22 V.64 4.34 86,10n2 A4 U.P 1.45 131.X 5.14 .19 .u M9 4.91 31.74 .44 23.95

3362.41 11.5 119.P A2 .45 .13 46.44 C13.77 21.6167.221.21114.1 173132 35.39 .49 .4 .31 U4."90.78 U2.93 85.5S8

I ?.3 7.1 3.44 U.-74 VIM9 .34 .47 .14 44.1401374 34.19 083.42II .1,1 4.41 4.63 363.12 1.1.7 .40 -63 0 1.516 6.91 1.82 b1.24m3 .46 1.73 -4.21 311.65 12.42 -1.4 .64 2.14 9.668 33.4 1.28 52.131#J1 19.79 296.31 01.16 .96 .48 .13 129.i18 9.54 62.46 89,0N1412411 12.12 193.5? 97.51 .79 .50 .21 WO6 3V.4 31.17 08.± p

4 U 2.31 116.7
I .4% 13.6 13.n 491.54 348.4 .3 .52 .210 9.74 07.016 63S SC.5611 .32 ISv 6.7? 336. 14.9 .31 .05 .49 S.-88 9.34 .M 44.41133 .19 I.M 6.38 315. 92 i8. 73 .41 .04 M5 06.43 84.S2 2.09 64.41P,1 47.75 3US.77 167.61 .86 M5 .14 44.19 96.71 24.60 87.671+131*11 31.44 231.5t 131.45 .92 S57 .09 119.63 89.2 43.97 58.71

7 v 129120.42
I .n22 1.3f 161.32 U31.4 441.91 .82 V5 tC 24.67 87.62 20.74~ V.2411 14H 13.~ 3 .7" 359.11 2168 .39 .17 .61 7.26 S2.05 1.74 60.19M1 .17 1,.40 -2.ft Z9f,49 L5.82 -.21 .65 1.21 M.I 7T.69 .96 43.821#11 55.02 417.58 242.83 .89 .40 .1 5 7.82 99.61 35.78 80.403s,*U 37t 271.72 147,14 v3 .62 .03 71.27 89.20 30.42 88. 12
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F7 TITANIUM. DIOXIDE PIGMENT PRODUCTION WASTE

The waste resulting from producing titanium dioxide pigment by the
chlorine process wa: a brown mud. Its leachability by water is summarized
in Table 28. The penetration of the individual elements through soil is
discussed In the following subsections.

TABLE 28. LEACKAI1LITY OF TITANIUM DIOXIDE PIGMENT PRODUCTION WASTE

Element Initial When Concentration Lee1.s Off Total Weight Percentage
Cofc. Conc. Extr. kxtr.Vol. Equtv. Extracted Extracted

Cr (N/ml) (ur/m1) Nr. (.l1a) Days (uala waste)
Cr 0.04 0.02 5 47 150 0.91 0.03
fb 0.48 0.19 3 11 36 3.0 0.01

Ti 0.41 0.14 4 23 75 4.3 0.01

Nasure- Initial Final Estlm.Tot.Extr.
ow-t .. equiv/g)

Conduct. ( mheo) 3,922 74 468.
pH 7.3 7.3 --

As can be seen from Figures 44 to 49, the three soils had similar effects
on the p14 and conductivity, except that in the first extraction, one to three
batches of Chalmers and Davidson soils increased the average hydrogen Ion
concentration by a factor of 3.6 (calculated from antilog (7.3 - 6.8) - antilog
0.5 a 3.6) while Nicholson soil increased it by a factor of 7.9 (which is
pH 7.3 - pH 6.4 - 0.9 orders of magnitude).

ChromIum

Figure 50 and Table 28 show that chromium leached out of this waste at I
very low concentration levels (0.04 jig/ml), giving a total of only 0.91 ug/g
waste before the detection limit was reached. This corresponds to a 0.03
percent recovery of the chromium percent in the waste. Tables 29 to 31 and
Figures 51 to 54 show that about 40 percent of the chromium was retained by
Chalmers soil, 20 percent by Davidson and over 70 percent by Nicholson soil.

Lead leached out at low levels (0.48 ug/ml initially) and only 3.0 ug
lead was solubilized per gram of waste, a recovery of 0.01 percent. (Table 28
and Figure 55.) Tables 32 to 34 and Figures 56 to 59 show that although
about 30 percent of the lead was retained from the first extraction, the soil
sections started to give up lead. By the third extraction Davidson and
Nicholson soils had retained a net of only 16 percent while Chalmers soil had
given up an additional amount of its own lead, equivalent to 39 percent of
the challenge. (This is shown by the minus sign under the histogram in
Figure 56 and in the Fraction Retained Total Challenge column for extraction
three of Table 32.
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Titanium Is solubilized from titanim dioxide pigment production waste at
very low levels (0.41 iig/ml initially), as shown in Figure 60 and Table 28.
such that 0.01 percent (4.3 .g/g) was removed in the seven extractior'. The
soils were about equally effective in rmoving titanium from the first extract,
but the soils start to give up titanium and by the fourth extraction
Nicholson wassuperlor to the other two soils. (Tables 35 to 37 and Figures
61 to 64.)

Summry

The concentratlons of chromium, lead, and titanium in the first water-
extract of titanium-dioxide, pigment production waste were low to very low.
The compounds containing these metals apparently were very insoluble, as only
a few hundreths of a percent dissolved during the entire series of seven
extractions. The concentrations in the later extracts dropped to very low
and the soils reduced it even further: Nicholson soil being the most effici-
ent and Chalmers soil the least.
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FIGURE 44. CONDUCTANCE OF EXTRACT FROM TITANIUM-DIOXIDE PIGMENT WASTE ON
CHALMERS SOIL.

106



SPH [PH'

EXTR.XTRFX

EXTR, EXTR. •

2.. 6. .. I

5.L

E.XTR. EXTR

4. 4,

FIGURE 45. pH OF EXTRACT FROM TITANIUM-DIOXIDE PIGMENT WASTE ON CHALMERS
SOIL.
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FIGURE 46. CONDUCTANCE OF EXTRACT FROM TITANIUM-DIOXIDE PIGMENT WASTE ON
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FIGURE 49. pH OF EXTRACT FROM TITANIUM-DIOXIDE PIGMENT WASTE ON NICHOLSON
SOIL.
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TM L E V7. CHROMIUM FROM TITANIUM-DIOXIDE PIGMENT WASTE ON CHALMERS SOIL.
AMh ,FPS[. MIT.RE, OBlTUT. Qm.TOT, FRAITION ItM. DISTUIUTION COEICIENTSWI __ - EXT.. W.LL IM-. THIS TOTAL MM. IWCL SIL SU ONLYa. LAVER , U" u " ; 1U31; ETR. OMU. FACTOR RATIO EC. RATiO IK9.

1 .64 .63
1 .63 .-5 .A3 .63 .I3 .37 .3X .63 555.14 89.9M ,8 31.94A3U . 1 .6 -. 1 61 -.,1 -. 21 -. 21 1.28 461,88 89.89 -. 17 -9,441|1! .11 .04 .01 . . .75 1848.52 P9.97 .33 18.43

Z.1zH1U .12 .13 .62 .63 .63 .38 1318,s 89.99 L.47 59.04

.1u . 1.
S ,3 .3 .64 .19 .9 .57 .49 .4 h 16 89.9t. 2.38 43.43

.2 .6 -13 .16 -. 11 .01 -. It I.01 35.84 39.91 -.2!-t2.53
ZU .12 JA4 -.82 411 42 -3 .14 1.31 462.34 11.88 .2S 14.64111 ,43 .,i .14 ,SY .43 .43 246.12 39.9" 1.3 1.4.4.0KI*IXZ ,2 .64 .. 6 .43 .1 .57 4141.61 09.99 1.58 7.72

3 5 ,12 .12

I .12 .9 .163 .31 42 Z .3f .A5 33,.3 8".01 1,3 453.3, .ft , .3 at .62 .33 .1 .7 462.383I. 0 .74 18.43KU .42 .69 -. 13 .17 -. 62 -. 96 - .61.5 317.86 09.61 -.11 -9.44a.1 as3 .1 -So. .46 .53 1350.52 39.97 2.3464101z.U+zu .11 .10 .14 .25 .41 J75 277.47 89.93 1.39 54.25

4 V .12 .14

U (.81 .12

II"

1+KK*IU

S6A .36
I $Il t.24 ,g1

I1 (.At <.24
IKII c.6 C24

I*II+IIi

S<X.8 44<.8 The reminder of the table1 01 <.1 8 was not calculated because
11 .12 .73 of the prevalence of values111 .2 .73 below the detection 1tmlt.I+[I

I i (,.77
II (,1K (,.97
lI (.31 (.97
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FIGURE 52. WEIGHT OF CHROMIUM FROM TITANIUM-DIOXIDE PIGMENT WASTE ON CHALMERSSOIL.11
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TAILE 30. CHOMIUM FROM TITANIUM-DIOXIDE PIQENT WASTE ON DAVIDSON SOIL.
An.#ecii. sio.tm. ON.TOT, wo .TUT. AKTI= amTI . DpISTRIBUTION CurICIBTSUiT. "THSUT. Omu.c. Wm. mn TOiT. ren. !NM SIL SOU OLmi. LO mm wc .. vc C xli. amU. F.T RATIO DI. 101I0 KC.

I a6 JS5 A0 H0 A6 X3 .37 .63 764.9?4 P,.93 .61 369%u a JS .10 A .6 .10 .11 l0 704.4 P. .0O .66W .. a .s -. 1 -.2 -.2 1.2 43A.8 09.91 -17 -t.44I*0 .04 .6u .33 .31 .63 3m13 .6 9, .4a 31.%14.11.�111 . .03 61 .3 .25 .75 5733.01 39.99 .33 13.43

.26U,.04.1.11
I .a .0S .64 .19 30 .7 .49 .43 F51.23 ". 73 2.61 43.43H .X3 .06 -.03 .1. .-3 -.. -.32 1.7 509.17 09.3f -.4-21.6al .3 0 -A0 u1 -.63 -.20 -.2n 1.20 42.3 ff.% -Z2-15.42

Pu 6 .0 a0 .2f .32 .71 203.18 ff." .60 A.".01 64 ,6 .14 39 .86 312.17 9.9 .39 2t.25

.0 :13 -.64 .31 .6 -.So .11 1.56 21.2.4939.73 .17 9.44I111 CA0 'CA41.It 4.06

4 v .62.24

1 (01 '.3.2.

u ..R .36 9

III (A (24

I (.It C..
U (.11 (.4,

X+II
( .it (.4c

7 U (,A1 (.97
I (.61 (.97I ,61! (.97

11 ,(,.1 (.97

Pill
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TAILE 31. CHROMIUM FROM TITANI1LI-DIOXIDE PIGMENT WASTE ON NICHOLSON SOIL.
MT.PlM . MATETI). Cill.TOT. C~l1.TOT. FtAION AM, DISTRItrTIU. COEFFiCIENTSe - THIS EXT. OW.LC. IET). THIS TOTAL PNETI. IN0L SOIL SOIL OILYi. LAY13 UMl WC / W U/C/ UG/C EXTl. CMJ.CL.. FACTOR RATIO DEC. IA(IO DUC.

1 .02 .04 .14 . 13.4 -So .S0 -SO U787.3 8933~ 1.10 4S.06.2 .03 .81 . .11 .25 .25 .75 169.44 89.95 .33 18.43U . . .11 .03 .1 .33 .33 V47 14.16 6.% .50 26.S7IOU1 .63 .84 .0a .63 .63 .3 435.10 ff."' 1.67 59.641.11.111 .12 .3 .12 .75 A Z 14705.17 91.1 3. 171.57

2 v .64 U11 .82 .5 .06 .19 .1i .57 .54 .43 721.29 09,92 2.22 65.77u .a .. f .1. . .IHf .12 1.00 726.2r 09.72 .22 12.53IL! *.Oi .oc .0 . 0 .03 .33 .33 .67 1009.94 09.95 .83 39.01I*U .a3 .09 .i4 .57 -. 9 .43 296.73 39.9 2.44 7.75a*lrl .03 .16 .15 .71 .73 .29 06.48 "91 4.58 77.47

3 I .0 .12
I (.It (.06 .31II (.41 (.04

I*II*III

4 V .12 U2
1 .02 .24

LU c.0 <.12

•I <,$i '.24

II .61 c.24

IlU {.01 (,24

I*IL
6 3 .l (.01 'I.

II (.01 (..9'

III (.0t 1 .9

I*II*U

[IlII (.1i1

1611
I+1*U.I
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FIGURE 54. WEIGHT OF CHROMIUM FROM TITiANIUM-DIOXIDE PIGME14T WASTE ON

NICHOLSON SOIL.
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TABLE 32. LEAD FROM TITANIUM.-DIOXIDE PIGMENT WASTE ON CHALMERS SOIL.
AUT.PFENU. MU.1M1. C0M.T. CA.TOT. FRATION RETD. DISTRIUUTION COEFFICIENTS

THI. -- Th! EXT. CJAU. ETI). THIS TOTAL PENETR. INC. SOIL SOUl OiLY, LATE! UG#N. UG/G UG/6 / UG/C [ I EX. CMJ.G, FACTOR RATIG DEC. RATIO DG."
ti ,4 .94

A .51 1.62 -. 14 .96 -. 16 -. 47 -. 17 1.57 96.25 89.40 -. 06 -3.SiII .39 .77 .3 1.62 .3 .25 .25 .75 i27.95 89.55 .33 18.1,1I .36 . .72 .77 .Js .16 .16 .94 136.46 89.58 .17 3.9310.1 .9 .4a .19 .21 .28 .81 516.76 89.89 .24 13.711.11.11 .18 .32 .68 .2 .25 .75 1227.87 89.95 .33 18.23

I V 3 .92
1 .46 1.43 -.9 1.98 -.S7 -.5S -.30 i.55 686-6 89.17 .46-21. 44II .44 1.33 .19 2.4s .34 .06 .14 .94 74.11 189.23 .26 14.4111 .43 1.29 .14 2.11 .69 .13 .04 .97 76.2?A6. 825 .17 4.6111.11 -.21 .94 -.11 -.44 -. 12 1.44 25.24 89.91 -.17 -9.471411.111 .,12,63 -. 14 -. 43 -. 17 1.41 605.64 89.92 -. 11 -5.82

3 U it1 1.14
1 .u1 " 9 .16 3.13 -.41 .14 -.13 .96 93~3 89.42 0.4-22.48II .33 1.9% -.97 3.44 -.63 -6" -,18 1.99 49.90 88,85 -.32-17.83

in V3 2.20 -.24 4.67 -.45 -.12 -.14 1. 12 44.64 88.72 -. 17 -3.91I'l1 -.41 1.51 -.52 -.71 -.34 1.71 28.36 86.71 -33-27.91
1+11+111 -. 51.11 -.41 -.92 -.39 1.92 411.98 89.86 -.54-28.38

4 V 1C.1 il<1.21
I .2 2.45
1 .2i 2.3

ITT 447 2.1'

5 if <.11 ¢

I .19 4.57 The remainder of the table
II <.1 <2.41 was not calculated because
III .11 2.73 of the occurrence of values

III below the detection limit.

6 tV C.11 <4.11

1 .11 S.22
11 .16 7.45

1.111 .13 4

7 9 (.11 (961
U (.16 (9,61

IT (,13 (9.61
III (.16 (9.68
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FIGURE 57. WEIGHT OF LEAD FROM TITANIUM-DIOXIDE PIGMENT WASTE ON CHALMERS ISOIL. •
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TABLE 33. LEAD FROM4 TITANIUM-DIOXIDE PIGMENT WASTE ON DAVIDSON SOIL.
ANmPB" MUDDa. CtIl.TO. CJIM.TO. FRACTION Ram. DISTRIIUTIOpi CWEFICIENTSET - THIS EX. CtU. 2. THIS TOTAL POEN 1. ThO. SOIL SUL ONLYit, um UMI. mSc ISC tic/ UG/C U'll. C)MLLG. FACTOR RATIO DEC. RATIO DEC.

I .S3 1.87 -.i 9 -1 -it -.11 1.11 144.47 89.61 -.13 -5.64vI.3 .77 .29 1.67 .29 .27 .27 .73 199.37 99.71 .3828.63Ii .32 .65 .13 .77 .13 .17 .17 .83 232.75 99.76 .21 11.241+11 .09 .46 .89 .19 .19 .81 796.22 ff. 93 .24 13.521+11+111 .16 .32 .11 .33 .33 .67 2147.43 BY. .49 2S."7
2 V a1 .92

1 .37 1.1 -.jy US8 -.29 -.21 -.16i 1.21 *'36.17 89.59 -.2i-14.83u .3 .33 .3 2.18 .2 .26 .26 .74 136.74 69.69 .76 34.833111 .9 -6 1.60 .88 -. 16 IS5 1.6 175.34869.47 .19 5.8214!! .15 .94 314 .11 .1S .91 744.5103.92 .34 16.73I4iinfi .01 .63 .12 .65 .19 .95 1577.31 39.9 .41 22.26
3 v .19 1.14

.27- 1-59 -.4S 3.13 -.74 -.39 -.25 1.39 .96 89_.9W -.47-25.13.29V 1.71 -,i2 3.77 .46 -. 17 .12 1.87 9".11 it. 36 Z2 14.92111 .17 1.13 .&V 3.32 .76 .46 .23 A6 158.64 0.62 .74 34.63Ifi1 -.23 1.51 -.14 -.58 -.181.5 359 .19 69.84 -.17 -9.S41+11+11 .14 1.81 t16 .16 .16 96 349.56 99.96 .44 24.35
4 0 <.18 (1.21

1 .19 2.24I
it .14 t.07
in! .26 2.45

S 0 <11 2.40I
1 .22 SA3S

11 n8 4.33
II .13 4.33

I1.114,8

11411 I1 .1
III .16 4.9%

7 v <.1o8%<9.66
I .1t4 13.6

II .20 16.74
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SOIL.

125



r1TABLE 34. LEAD F. • TITANIUM-DIOXIDE PIGMENT WASTE ON NICHOLSON SOIL.

-T.PrIElT. iT.RE. lt.TIT. C0I.TmT. FRACTIiN ETh. DISTRIBUTION COEFFICIENTS
W. I THIS EXT. O.CH.. RIIT. THIS TOTAL PENETR. INCl SOL SOL. ONLY
HR. 'AU WGI IJG/ UG/C tr,/G UG/G EXTE. CIULL. FACTOR RATIO DEC. RATIO DEG.

S .. ...*,6,

I S I.6 1.o -. 14 %9 -. 14 -. 14 -.64 1.14 9931 9.42 -. 14 -2.43
u .47 JS .66 M.e u6 .66 U6 M~ 165.3839.46 .16 3.39
111 on .am .31 .95 .31 .33 .33 .67 156.46 89.63 .49 25.72

bu .11 .40 .61 .11 .11 . 426.%489.66 .11 .82
l4I$I1 ,11 .2 ,tl .33 .33 .67 143.79 89.96 .56 26.71

,I X 1.11 -. 19 1." .-.23 -.21 -.2 t.21 9.27 09.36 -. 21-11.00
u .33 . .12 2.1 .11 .11 .9 .99 111.9 19.43 .18 11.37
m .23 .1 .36 1.93 .41 .3 .32 .69 146.3 09.61 .9 41.87

1*3I -. 13 .94 -. 13 -. 17 -. 13 1.17 413.0339.86 -. I5 -3.66
1.11*31 ,0l .63 .19 .26 .31 .74 1312.46 09.9% .2 39.38

'4 I .1 1.14
I X 1.ls -.9 3.63 -. 74 -. 44 -. 24 IM44 59.9 9.14 -. 45-24.118

u .3 t.R -. 2 3.74 .M -.11 .11 1.11 54.46 83.S .1t .JS
S.2 1 ift .62 3.76 1.23 .34 ,33 .4 13.43 W9.31 1.12 45.55

1#11 -. 34 1.51 -.37 -. 40 -. 24 1.61 2W7.51 9.74 -.4R-21.91
I#U.UI -. 12 1.61 .17 -. 64 .14 1.164 742.64 9.92 .41 22.3S

3 0.10 <i.2
I .21 2.75

U1 .22 2.46UK .15 1.79_[
II .iS 0.9 "
*.9"

S i <(2.46I <.l <2.30+
U .16 3.73
mI .15 3.12

1*11I
I <I .111 Cilf <4.11
I (.16 (4.N

II .14 6.59
III (.11 (4.66

I*II

7 (.10 <9.61
I .t5S 14.91

II .13 12.13KUT .11 16.41
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FIGURE 59. WEIGHT OF LEAD FROM TITANIUM-DIOXIDE PIGMENT WASTE ON NICHOLSON
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TAKE 35. TITANIUM FM TITANIUM-DIOXIDE PGNENT WASTE ON CHALMERS SOIL. -
0i1T.ir . 411U.1iT. Om.TOT. CUll.iTT. [3 •um lo- nMIIN C• Iami

TAT. Ei T i. CLL. AM, . THI•T A•I. PEN9 . INCL SIL LN OILYIA, MeI U . 1 I SC ca IS EM,. O , -. FCTO RATIO 143. RATIO IM.-* 0 . 4.. ..i • : . . . . ..
1 .2 . ,4 -is .92 .16 .22 .22 .78 14.73094. . .•? SY
U .41 .32 -.19 .44 -.11 -.29 -.29 1.2? 1.2b.90 89.5SS -.22-12.53

1f11 A .41 .0 .16 .60 1.6 S18.51 P.89 .go .1112 1 6u .12 .X .12 .44 .44 S6 2641.21 9.17 .81 3B.I

-..1 1.47 .09 -. it mS 1.11 U11.82 89.40 .10 5.S3
.21 .9 .32 1.%3 .14 .34 .19 . I7.A5 39.44 .22 12.391 .31 . 1.0 -.31 1.44 -.62 -. &1 -. 11 1.41 164.84 89.45 -. t2 -. PV1. .11 .13 .11 .27 .14 .73 471.0i 39.91 .37 26.1i141l411 -.05 .S6 .X7 -. 11 .43 i.11 934.31 8994 .21 1t."8

4 3 .14 .,7

I .12 .73 .24 2.44 .33 .2S .13 JS L43.47 89,16 .46 24.42II .23 1.4 -.64 2.30 -.56 -. -.22 1.87 75.91 89.25 -.37-21.14S .2 1&21 .5 2. 80 7 14 .1 5 .89 7.92 89.33 .It 6.421#11 -.21 1.32 -.681 -.41 -. A4 1.41 314.97 39.9t -412 -6.971II*I+II -.141 A -.61 -.2S -.11 L.25 772.25 89.93 -.63 -1.43

4.14 145
1 .19 2.24 -. SS 4.33 -.21 -.32 -. Oc 1.32 46.29 88.74 -. 09 -S.40II .14 1.644 4.55 .11 .2 v .62 .73 63.63 89.16 .04 3.71II .12 i.46 .19 4.44 .32 it1 .17 .89 71.73 89.21 .22 12.341*1.63 2.17 -JS5 .14 -.62 .96 254.18 89.77 -. 04 -3.71

1.1.11.8 1.44 .17 M1 J6S .84 W4 7t 89.91 .1S 8.38s v c.11 <2.42
1 .22 S.21UI <.tif 0.42

III .11 2.47

4 4.u 4.851 (.1l (4.35

Iu .26 9.71
I11 .17 8.24

I+II+III

7 V C.i$ ( 9.76
1 (,16 (9.71

lI (.18 49.71
i�I (.18 (9.70

I+II
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HI
TABLE 36. TITANIUM FROM TITANIUM-DIOXIDE PIGMENT WASTE ON DAVIDSON SOIL.

ATl.PMEIU. ATf.tT1. CO.TUT. CUII.TUT. [K3 GlJ[II DISTUIDUTION CO•FFICIENTS,
TIT. -EX TI T. OWLCU. RIM. TNZS TOTAL ?EMETR. ICI, SOIL SOLN •NLY

Is. LW, e IW .L VS/4 VS/C / UUPC WG Tt. CmLKU. FACT'O RATIO DE. PATiO DEK.

'1 U .41 on2
an . is .17 .,2 .17 .21 .21 .79 2023.73 09.97 .27 •1.9•
$as to Asp Z1 .4 is .23 .23 .77 2443.26 29.9" .31 17.12

I an S7 -.7 .49 -.17 -. 14 -.14 1.14 2312.46 89.91 -.L2 -7.13
1441 .14 .41 6 14 .0 .4 .A 15.49 69."9 .65 33.15

leIII.0 XZ .A .11 .31 .69 20110.74 ?0. 11 A4 24.14

2U.31 .5
.3 .111 .12 1.07 M1 .92 At1 A 1569.A 99 .22 12.644
X 2 .06 -. 03 1.01 .12 -.64 A6 1.14 1514.02 89.94 .14 7.99

III n2 A4 As3 1.34 .11 .21 .18 .79 1M1.A 89.97 .16 9.24
1#11 -.31 .13 .1S -. 12 .1 1.62 4059.6789."9 .34 19.43

I*U.IU .06 .4 .14 .21 .25 .A 17247.94 96.36 .bi 31.53

I n i.x -.36 2.44 -All -.33 -.17 1.33 91.97 09.4 -.13 -7.55

IU .2 .4 I .1 .1.17 .3 .93 1.74 09.98 .17 9.69

I 1 .73 2.44 .14 .44 .25 S.k 107.83 99.97 M 43.29
M 4 1.2 -a -.2 .01 1.23 4211.5799."9 .13 1.43

141I+111 .19 A .23 .23 .26 .72 1462. 949".011 .944.79

It 9 .14 1.76
1 .16 18 -All 4.33 -.36 -11 -.61.11 496.17 99.92

a .13 to% .31 4.09 S2 .14 Al1 .04 831.49 99.93 .33 18.10
t 1 .8 -6 4.1 AS5 -.311 .11 1.38 599.5 O 9."1 .12 1. 33

1+11 .16 2.17 .13 .17 .14 .13 3M2.74 89.93 .11 S.67
isI.I 1 1.44 .07 -.29 AS5 1.29 59%. 13 99.9 .09 S. u

S I 4 .11 (24
1 .19 4.4

II .13 4.24

III .17 4.04

1.11

l (.11 (4.59
S .13 4.014

111 .14 4.79

.11 13.47I
III CH <(9.73
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TABLE 37. TITANILlM FROM TITANIUN-DIOXIDE PIGMENT WASTE ON NICHOLSON SOIL.
AI5T.PEUETU. MT.RTIT, CUiI.TOT. CUlJ.TOT. M IM - j DjISTIDBUTI4 CEMFICIE•TSEXT. -~ - THIS EXT. CO.LC. IET). TE;S TOTAL PE•fR. INCl SOIL W NJ.Y0. A•UD " Vc Ur/G Ui9/5 rWJ EM. CDi)LL. FACTOR RATIO DEG. RATIO DEG.

U .41 .021 .33 .67 .1s .82 ,15 .1' .19 .91 177.24 893. .23 U2.81
1 .21 .se .#9 .67 . 49 4 .14 .86 205.13 89.72 .1U 8.97UI .3 .4S 12 .58 .Q .21 .21 .79 259.89 69.79 .27 14.93L 4,2 .41 .12 .31 .31 .71 821.29 89.93 .42 2283

I+[£*UI .12 .27 .12 .44 .44 .56 2337.43 89.99 .Ai Is."
a ,21 ,AS

1 .25 .76 1.67 .24 .it .IS .99 156.16 89.63 .32 17.741U .A .53 .1i 1.42 .27 .24 .19 .76 21,44 89.72 .47 25.3511 .17 .52 .86 i.15 .3S ,it .16 -89 229.43 "9.75 3S i9.44
I÷II .1 .83 .26 .32 .31 .6 8 3.77 89.93 .89 41.82 414IIllI ,ii .56 .23 .39 .42 .61 2063.69 9.97 1.35 53.53

3 v .16 .77as .0 .1 2.64 .33 .9 .13 .91 134.67 89.57 .338 29.77Z 1.41 -.1 2.31 -. 33 -. 69 -. 14 1.69 79.,5 99.28 -.22-12.6SIII i's 1.6 .42 2.64 .61 .29 .23 .71 U11.84 89•49 .57 29.741+1! -.26 1.32 .11 -.53 .11 1.S3 37.91 89.82 .11 .11lI*1I.I -,33 .81 .21 -. 19 .23 1.19 MI1t.?? 89.94 57 29.74

4 V 14 1.74
1 .17 2.01 -. 31 4.33 .13 -.19 .1 1.89 S9.12 89.13 .@2 .87

I. .1Is i.82 .18 4.38 -.15S .19 -. # .91 64.82 09-i2 -. 18 -4.76.112 139 .42 4.45 1.13 .23 .23 .77 85.43 99.33 .74 36.471+11 -. 2.17 -. 6& -. 17 -. 13 1:17 259.S6 89.79 -. 17 -3.81IliI+llI .1l t.44 .3d ,is .21 .82 72.,61 89.?2 .5 33. ti
W <.10 <2.42
I <.al <2.42

III <.I$ <2.42
! II

t'II+III

1 -12 S.•8(.<13 (4.85

1I .i16 7.S5
ill .11 5.19

14*II

7 ,i< <9.71
I .1 14.8U

II .16 I5.51
111 .12 1it64

1 34
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I
HYDROFLUORIC ACID PRODUCTION WASTE

Producing hydrofluoric acid by treating fluorspar with concentrated
sulfuric acid yields a strongly acid waste. Normally this residue is neutra-
lized before disposal. However, the unneutralized waste was employed in this
work so as to study the effect of a strongly acidic waste upon these soils.
The measurements listed in Table 38 show that some components readily dis-
solved to give a solution of quite low pH. Figures 66, 68, and 70 show that
passing this extract through the soils reduced the hydrogen ion concentration

b about two orders of magnitude in the last several extractions. Figures
65, 67, and 69 show that the materials dissolved in the extract are removed
to a large extent by passage through any of the three soils.

TABLE 38. LEACHABILITY OF HYDROFLUORIC ACID PRODUCTION WASTE

Element Initial When Concentration Levels Off Total Weight Percentage
Conc. Conc. Extr. Extr.Vol. EquTv. Extracted Extracted

(Mg/ml) (ig/ml) Nr. (ml/9) Days (ijg/g waste)

F 970. 2.4 7 190 620 2,760. 56.

Measure- Initial Final Estim.Tot.Extr.
ment (P equiv/g)

Conduct. (M mho) 33,300. 1786. 4480.
PH1 2.2 3.7

Fluorine

The concentration of fluoride ions was high in the first extract (970

ug/ml), dropped 1.6 orders of magnitude by the second extraction, and then
leveled off to a concentration of 2.4 ug/ml in the seventh extract (Figure
71). A total of 2,760 ug fluorine was extracted per gram, which represents
56 percent of that available in the waste sample.

The data in Tables 39, 40, and 41 and presented in Figures 72 to 75 show
that all three soils are initially very good at retaining fluoride ions from
this extract, and allow only one to three percent to penetrate. However, the
columnp of data giving the fraction retained from the solution for each extrac-
tion shows a consistent loss of fluorides from all three soils beginning with
the fourth extraction. By the seventh extraction, the cumulative retention
of Chalmers soil dropped to 59 percent and Nicholson to 54 percent, while
Davidson soil was able to retain 72 percent of the total fluorine-containing
ohallenge.
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The uneutralized sample of hydrofluoric acid production waste yielded
highly acidic extracts containing large concentrations of fluoride ion. By
the completion of the seventh extraction, 56 percent of the available fluorine
had been leached out of the waste. The soils wtre initially very efficient
in removing the fluoride ions but in the later stages of the exposure to this
leachate, the soils were giving up substantial amounts of fluoride previously
retained from the solution.
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FIGUJRE 66. pm OF EXTRACT FROM HYDROFLUORIC ACID WASTE ON CHALMERS SOIL.

139



I
"8 U-tIO" U- MHO

EXTR4)Z EXTR:*.
5 -.

EXTR P.B. EXTR .

24_

EXTR.7A EXTR~3. • "B. -° '

Hu u

EXTIR .-o.

884..

w 1 II Ill
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TABLE 39. FLUORINE FROM HYDROFLUORIC ACID PRODUCTION WASTE ON CHALMERS SOIL.
M.T1P . MIT.TIM. CU9.TOT. CUIITOT. F D1STRIUTION Lt•FICIENTS.T .. . TiNs EXT. OW .. IETI. THIS TOTAL PENETIl. INCL SOIL SOLW ONLYI d. L MIR v c m G/C tIC/c VJC WTl. CNALLC. FACTOR RATIO DEG. RATIO DEG.

1 ::92 1929.M91 3M.21 M9291 1.10 1.61 .11 294.9 9 9. 81 217.76 89.723
"11 n.72 41.4" -34.14 9.2? -34.16 -3.99 -3.89 4.99 17.63 9.4 -.83-38.56In 21.3, 4." 4.65 45.45 4,8 il .11 .89 23.67 97.5S .12 6.911411 94094.99 .99 .96 .12 112.95 89.49 41.67 98.631.114'II 632�.67 44, 632.87 .91 .99 .12 226.31 89.7S 46.76 98.77

2 ~ ~ . t 64 21.23
1 14.95 44.04 74.36 2460.40 2164.26 .43 .97 .37 62.0 99.619 44.74 M9.72

S31,40 1.21 -46.36 S4.14 -M2.52 -1.3 -1.52 2.6 7.91 92.85 -.9"-42.14U I , 164 31.31 59.39 136.45 44.24 .5 .47 .35 V.40 87.92 2.12 63.45
IS 111 iM3.21 i1.1 .. .93 .75 56.42U.99 21.69 87.2?141I41!! •2,.3 16%.H 469.66 .74 .96 .2 291.12. 89.M 62.49 09.13

I3 13.64 3.it
1.501 43.62 19.79 2142.21 26.,5 .23 .9s .77 44.96 U.73 32.13 88.22U .73 9.13 4.6 1.7.16 -77.7 ,0 6 -. 66 .92 12.9 5.46 -1.34-S3,17UI il.ft d,4S -7.V 19.13 Q-14 -.12 .29 1.L2 13.25 35. .9 7 41.141412 .11.92 1"71.10 _'_3.69 .29 .91 .71 39.17 &9.3& 33.47 88.291+11.111 5.45 714.67 &.11 .21 .94 .. 0 i4l.i. 09.64 30.43 98.13

4.0V97. 4 IMI 1.16 121.2 -B.6.4 206.7S 199.3 -.23 .89 1.29 23.17 97.53 1.6.49 86.5311 11.51 1S.6S -4.16 2M.36 -62.52 -. 14 -.35 1.4(4 S U.77 01 - .'5-33.ftIII 21.0A 244.92 -113.73 =.U -41.91 -. 14 -.19 1.94 3.14 71.89 -.25-14.17h1*11 -15.74 1118.37 95.93 -.33 .84 1.33 40.90 89.461 15.20 6.24_Sl.11 -0.10 745.59 618.12 -1.59 .83 2.S9 37.35 89.47 7.57 82.46

5 . 4 .14 99.38
-96.4 1.14 5.7S 2334.13 M2.63 -.56 .83 1.54 17.74 84.77 12R 8.43SU o6 213.31 -9.1. 393.5 -M.49 -. 39 -.36 1.38 3.14 72.32 -,.-33.41I 16.36 247.U -33.94 94.19 -%.75 -.16 -. 18 1.16 2.9 76.91 -. 39-21.7-56. 114. 16 "1 , 930.97 -1.15 .77 2.15 23.64 97.58 8.45 83.251-.0-2 -49.2 779.71 56873 -1.49 .73 2.49 36.39 8.,43 6.93 81.7S

S U1 4.84 1•.92
1. 2.93 146-S9 53.33 230.65 199.94 .27 .79 .73 19.9 97.13 M14.6S8.9711 4.14 1•96.7 -9.18 534.19 -1•9.97 -. 4t -. 37 1.41 3.17 .9" -1.01-45.11

l1I 4.46 313.2? -11.50 732.9 -207.25 -.54 -. 28 .546 t.94 62.76 -. 67-33.74
I4U -2.42 1265.12 896.5 -. 13 .71 1.13 25.34 97.'-, 9.14 83.69III -36.7 843.35 29.9s -. 61 .63 1.40 28.642 89.61 ".' 2 78.96

7 U 2.42232.71
1 1.92 14.22 48.46 2762.7S 2144.44 .21 .74 .79 i1.49 86.31 11, !9 84.85It 2.42 232.71 -4.418 718.31 -247.35 -. 26 -. 34 1,26 2.42 67.S3 -I,.6-46.7,III 2.02 1.•..2 38.78 965.44 -148.47 .17 -. 17 .93 3.31 73.18 -. 87-41.98

1M11 .It 13611.38 M99.55 .II .65 1.16 21.6S 87.35 7.72 82.621.11.1lI 12.93 92a.92 542.88 .17 .59 .83 4S.9 88,75 8.40 1:3.21
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TABLE 40. FLUORINE FRO'I HYDRO"FLUORIC ACID PRODUCTION WASTE ON DAVIDSON
SOIL.EXT A"T-Pm1M , ANTRETD, CMN.TOT. CZM.T CT.0fIi Tl), DISTRIBUTION COgFFICIENTS

THT. - ThIS EXT. I . RETM. THIS TOTAL' PENETI. INCL SUIL SOWN ONLY46. LAYO W X 0G"I IGj; U" hG/C U"/C EXTRw, 0" CM- LG, FACTOR RATIO DEC, RATIO DEC.~ 969.61,39,?21

i 2-. 4.5S 1934,$5 1939.2g 1934.S5 L, 1. 10 -it 445.47 89.88 416.3? 89,864.65 9.70 -S.IS 4.6S -S.05 -1.69 -1.19 2.39 22.99 7. 5,1 -.- 2-27.51U! 16.38 2S.63 -16.9t 9.76 -10.91 -t.12 -1..12 2.13 11.S4 94.58 -. 53-27.90
964.75 %9.6$ %47 11 1.0 .- 1 293.06 69.80 "99.1O 89.71I.0Z439. 646,.41 639oS3 .99 .9 .91 192.7t 89.71 93.12 89.38

2 y 90 92.11 2660.43 MAX.6 .76 .99 .24 77.51 89. 26 49.67 89.19
11 16.2 31.64 -1.s1 33.73 -6.S6 -.Is5 i - .1 1.s 7.24 82.13 -.21-12.11III LS .15 I.i is.4S 43.36 4.55 .3 .11 .56 is. 35 86. 77 .31 16.70I•II 45.31 1131.20 1161.0s .75 .99 .25 9S.81 89.40 6S.1t 89.13 ILIlIZI 35.3S 686.89 674.88 .8 -99 .13 269.09 89.79 133.64 89.S7

3 9 13.44 81.31
1 10.4642.42 19.39 21402.21 2344.16 .24 .96 .706 36.43 88.43 32.78 88.25S 131•0 601.64 1.32 A.iS -4.75 .13 -. IS .97 3.68 74.81 -. 18 -4.48III 13.S6 63.02 -2.42 106.91 2.12 -. 14 .62 1.14 3.S 74.68 .03 1.931+11 11.66 1071.1 102.66 .26 .95 .74 48.73 98.92 33.68 99.30I.I41-61 6.26 714.17 661.14 .23 .95 .77 64.99 89.12 32.42 88,23

4 1 7.U 94.54
I 7.47 69.69 4.8S M36.75 2601.91 .S .92 .9S 25.41 87.75 22.87 87.5611 1.20 122.41 -32.72 11S.64 -37.47 -. 36 -. 20 1.36 1.5 57.29 -31-7,02

Ii u.T uj.4, -2.Vn 2'3 .3i -3.94 -. i5 -. i2 . iS 1.74 bai7 -.03 -0.7611 . -13.94 1118.37 1016.7? -.29 .91 1.29 23.9g 87.66 16.45 86.S21+11+111 -it.31 74S. Se 9.83 -. 36 .0 1.g o 31.61 88.19 IS.b4 86.34

5 6 4.1. 99.36
1 6.67 144,83 -6S.4S 2U6.3 i985.4 -.66 .-s 1.66 13.43 85.74 12.05 8S.25II 7617 169.60 -4.i5 353.67 -42.32 -.03 -,2 1.13 1.09 47.58 -.'25-14.611I 0.46 233.62 -%= 392.99 -37.87 -. 21 -. 11 121 .93 43.14 -. i9-il,54I+II -as.is 1168.06 971.57 -. 71 .83 1.71 16.83 86.60 il.4s 85.6l1÷1iTll -34.74 779.71 635.19 -1.iS .82 2.35 19.43 87.05 9.36 83.V0

6 v 4.6. 193.92
I 4,5 223.11 -29,19 2536,IS 1•56.37 -. is .77 1.is 9.80 F4.07 8.77 83.5611 3.S3 169.68 S3.33 sn.a8 t1.01 .24 .02 .76 1.41 S4.63 .06 3.71

II 3.53 169.68 .U0 SQ?..7 -37.87 .06 -. 07 1.80 1.I2 48.25 -.2-12.58I+II 12.12 1265.62 983.69 .13 .78 .87 16.97 86.63 it.59 85.0"I+!I*UI 8.03 843.35 643.17 .13 .76 .87 23.46 67.S6 11.37 S4.97

7 N 2.42 232.76
I 1.82 174,3 58.18 2762.75 2114.S .25 .73 .7S 12.85 8S.55 i1,S4 85.15

II 1.92 184.22 -9.71 748.21 1.31 -. 06 .60 1.16 1.24 Si.22 .01 .41III 1.72 164.93 19.39 746.96 -18.48 .1i -. 12 .89 t.27 S5.81 -. 11 -6.40
lI 24.24 1381.38 J167,93 .21 .73 .79 10.89 86.40 10.94 84.78I+IIsII 22.62 920.92 665.79 In .7 .71 24.57 87,b7 12.12 8S.28
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TABLE 41. FLUORINE FROM HYDROFLUORIC ACID PRODUCTION WASTE ON NICHOLSON
SOIL.MNT.FFJUr, M II.REID. CAlNTOT. CIM.TMT. .M _ _DIST RIBUTIUN CO9FFICI.TTSEXT. - - THIS EXT. MALL. RETO. THIS TOTA. PEWNIR. INCIL SOIL SOLN OILYW, LASE R UC U c/C UG/C UGi/c x CDH..LL FATOR RATIO DEC. RATIO DEC.

I S-L 11.72 19V..48 19D.2 1974 .99 .48 .11 29t.6? 89.81 164.52 89.651I M.W 47.67 -3.5A U1.72 -35.9 -3.17 -3.17 4.17 31.97 88.21 -.7S-37.12I# 31 . 6.9 -13.13 47.67 -1.13 -.28 -.28 1.28 25.44 87.75 -. 22-12.19|+11 945,76 969.61 945.76 .9 .98 .12 170.57 89.66 39.68 88.56+I*II4U.L• 66.3 646.46 626.13 .97 .-9 .03 261,81 89.79 31.09 8.1iS

I 14.65 43.94 77.27 2141.40 2164.75 .64 .97 .36 81.-14 89.29 45.63 88.7431.91 92.72 -4.78 55.65 -4.74 -1.11 -1.52 2.11 1.91 86.46 -.".1-42.4311I 11.91 32.72 59.99 16.39 46.86 -6S @33 .35 49.11 88.83 1.43 55.17l411 14.24 1636.20 .1 .24 e93 .76 98.11 89-.3 21.71 87.24lNl..1ll 29.49 W86.86 2 .73 .27 469.15 89.81 61.1 6 89.1 5

V 13.64 81.81
1 21.81 I14.84 -•43.3 214&.21 i961.72 -,53 .92 1.53 8.21 87.97 iS.71 86.361 16.10 41.•0 64.24 18.49 -210.5 .51 -. iM .49 25.41 87.7S -. 34-18.69

III 2.73 14.36 44.24 210.99 91.11 .73 .45 .27 111l91 89.43 5.57 79.821e11 1!.4 1071.11 97M161 .2b .91 .74 i35.66 8e.58 32.13 88.211411+11 21.62 714.17 677.44 .81 A9 .20 2.31 89.94 124.21 89.54

4 U 7.88 9454
1 606 72.7 21-.2 2236.75 1I98.54 .23 .89 .77 48.73 88.82 27.23 87.90II 1!."1 ul.l9 -59.18 253.21 -78.68 -.80 -.31 t.80 At132 84.95 -160-31.01

Wi tI. M 247.2S -116.35 331 g.8 -25.2s -.89 .04 1o .89 4.21 8Wa8 -. i -5.83I'II -18.18 1i11,37 952.43 -. 38 .85 1.38 62.22 89.08 14.SS 86.671+1l.11l )-.91 S.58 626.54 -1.62 .84 2.62 64.39 89.11 7.60 82,St

5 0 4.,4 ".A,
I 8.4C 203.62 -104.2 236.13 1879.31 -i.05 .80 M.0S t6,89 86.61 p.23 83.821 16.26 244.82 -41.21 456.862 -119.89 -. 21 -. 26 1.23 S38 814.3 -.49-26.01'&II II65 252M, -7.27 576.71 -32.52 -. 03 -. 06 1.03 6.06 80.63 -.13 -7.351.1 -n.72 168.16 379.71 -1.46 .7J 2.46 32.67 88.25 7. 1 82.DO|+IX÷It! -S1.91 778.71 575.63 -I.54 .74 2.54 62.54 89.08 6.85 81.69

6 1 4.14 193.92
I 4C8 232.71 -38.78 2536.05 M84M2 -. 20 .73 1,20 4.61 bv,9 7.91 84.79II 5.94 286.13 -S3,33 689,53 -073.21 - 23 -.25 1.23 4.85 78,3S -,61-31 2011 1 .74 339.36 -S3.33 862.74 -85.85 -. 19 -. i0 i.19 434 17.04 -. 2S-i• 20IWI1 -46.36 126S.12 On. .S -. 47 .6i 1. 2' i4 87.93 S.83 E .27I+l1+1ll -4d.48 843.35 S271.: -.7S 63 1.75 4u.03 139 76 4,667 , 9

7 U 2.42 232.71
1 t.82 174.53 58.1 2762.75 W898.7 ! 1 .2c, .7S 19.82 9",. V 10.88 8

II 4.14 397. 4 -2M.It 864 V-+ -39h.22 -1.28 -.,- 2.28 2.93 1• -, .OO-4- ?IIII 3.33 317,97 77,57 1-'60 1 -.. 28 .21 li .8 4.85 T3S -. 03 - .48141-62.42 Ja8i. a 7ý .? 71 I 1.)1 1,, 9.8 Q ? 87 A1+1I+11 -129.19 921 9• 49" j6 -. 37 ' .; 48 ..'T ' ,91
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'WHITE PHOSPHORUS PRODUCTION WASTE

Gases from the electric furnace production of phosphorus are collected
in a water scrubber and the resultant liquor is treated with lime. Table 42
shows that water extracts of this waste were highly basic. Figures 76 to 81
indicate that all three soils were quite effective in reducing the content of
soluble materials In this leachate until the sixth extraction, when someS" flushed off the soils. The ability of these soils to attenuate the pH was

exhausted by five extractions totaling 47 milliliters/gram.

TABLE 42. LEACHABILITY OF WHITE PHOSPHORUS PRODUCTION WASTE

Element Initial When Concentration Levels Off Total Weight Percentage
Conc. Conc. Extr. Extr.Vol. Equiv. Extracted Extracted

(mg/ml) (ug/ml) Nr. (ml/g) Days (ug/g waste)
F 2.9 1.9 7 190 620 358 0.16

P 10.5 0.6 4 23 75 45.5 0.32

Measure- Initial Final Estim.Tot.Extr.
ment ly equiv/g)

Conduct. ( mho) 9,302. 313. 2,207.
PH 12.3 11.0

Fluorine

Fluoride ions were present in the leachate from this waste in very low
Sconc•tratons (3.5 to I.6 g/m). ure 82 and Table 42 indicate that the
fluoride concentration soon became relatively constant and that in seven 1

extractions a total of 358 ug/g, or 0.16 percent was extracted from that
originally in the waste. Tables 43 to 45 and Figures 84 to 86 show that an
average of 23 percent of the fluoride penetrated the soils in the first
extract and that increasing amounts of fluoride were found in the effluents
from succeeding challenges. Figure 83 displays graphically the importance of
soil-to-waste ratio in retaining fluoride and that Nicholson soil soon began
to yield fluoride from its own fluoride-containing components.
P~hosphorus

Tables 42, 46 to 48 and Figure 87 show that the concentration of phos-
phorus in the first extract was 10.5 pg/ml and dropped to the region of the
detection limit by the fourth extract, yielding a total of 45 ug/g, which is
0.32 percent of the phosphorus present in the waste. Figures 88 to 91 show
that 39 percent of the phosphorus in the first extract penetrated the third
layer of Davldson and Nicholson soils and 84 percent penetrated the Chalmers
soil. By the third extraction all the soils were giving up phosphorus, with
Davidson retaining a net of 27 percent of the cumulative challenge.
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I
White phosphorus production waste yielded a solution of high pH although

the cion~tration of fluorides and phosphorus-containing compounds were very
low. Only a few tenths of a percent of the available fluorine and phosphorus
Were removed in the seven extractions, but the waste appeared to be a long-
term source of fluoride ion. After continued exposure to the strongly basic
leachate the soils lost their ability to reduce the pH and they also started
to release 1 reviously-retained fluoride and phosphorus.
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TAfL 43. FLUORINE FROM WHITE PHOSPHORUS PRODUCTION WASTE ON CHALMRS SOIL.

AlT.P9ETR. MIT.RET. CUN.TOT. CKETOT. EFRACTIN RET D1ISTIBUTION COEFICIENT SEXT. THIS EXT. CAUC. REMD THIS TOIAL PENCEl. IWXt SOIL SOLI ONLYa . LAM1 UMIL WA/ uc/c UPC UC/C EXTR. CWA"L. FACTOR RATIO DEG. RATIO DEG.

m 2.IM 5.86
1 1.11 2.62 3.84 5.86 3.84 .66 M66 .34 462.89 89.86 1.6 162.24M., ., 14 2.12 1.4 2 .52 .49 927.85 f9.93 1. K 4i.72
II .8 1.13 -.IS .3 -.65 -.IS -.IS 1.15 784.21 89.93 -.65 -2.812.44 2.73 2.44 .83 .83 .17 33M2U1M 89.99 4.91 78.64LAIUI 1.61 t.55 t.61 .82 .82 .18 7881.98 89.9 4.69 77.75

2 U I.53 10.41
I 3.64 0.9t -.31 16.44 3.54 -. 13 .21 1.63 74. 89.23 .32 17,911 .96 1.58 9.41 12.93 16.45 .84 .81 .14 S47.62 99.960 6.97 81.83II X87 2.42 -1.12 2.41 -17 -.7S -.47 .75 368.0 89.01 -.4S-24.191411 4.55 8.23 4."9 .86 .85 .14 2149.5,4 89.97 9.32 83.81F I+uI 2.64 S.4 4,2 .75 .79 .25 273.32 89.91 4.8971.44
1 3.63 16.76 4.24 36.46 7.78 .21 .21 .7: 51.96 88.91 .49 26.27

u 2.3 "T23 2.42 28.68 121.7 61i .45 QS 61.72 89.07 .97 44.11"MU 1.11 .. 7 .67 1.81 5.49 .54 .35 5O 122.34 09,S3 .K 39.51loll 3.La 11.23 1.32 .33 M57 .67 244.57 89.77 1.55 57.1SIU*I4U 4.44 ..Is 8.71 .67 .72 .33 1697,53 899.9 3.92 75.71

4 d 2.27 2 .2
I 1.11 23.13 4.24 43.73 12.12 .16 .19 .84 35.71 88.41 .52 27.56u 3.I 39.39 -16.36 SI.71 -3.49 -. 71 -. 17 1.71 21.48 87.26 -. 19 -S.06iMI i. 21.3 i.34 siZ 21.8 4 .42 .4 .5e 36.12 88.41 35 43.50"14"1 -.666 31.87 4.26 -. 44 .13 1.44 82.47 09.31 .22 12.221+11+111 ;.41 21.24 1f.13 ,L6 .48 .84 317,89 89.82 1.32 S2.84

S U 1.47 41.14
I 1,31 31.5L 8.48 163.73 26.58 .21 .21 .79 26. IS 87.83 .6Z 33MI5u 1,' 37IM '.57 -6.6 83.22 -9.55 -.19 -.i1 1.19 21.33 87,31 -,2S-14.26III 2.22 53.33 -t5.74 92.77 6.16 -. 42 .17. 1.42 15,30 86.26 .it 6.3111 1.21 51.8• 5.48 .6 .11 .91, - 84.53 89.34 .29 16.251+114111 -4.44 34.56 S,68 -. 33 .16 1.33 137.02 89.58 .32 17.73

6 1.5"7 7514
I 1.31 T6.12 12.12 7,387 32.62 .16 .18 .84 3137 8S.72 .52 27.37II 1.72 82.42 -19.39 146.2S -28.94 -. 31 -. 21 1.31 9.48 83.98 -.3-9.35

III 1.72 82.42 .11 17 .19 6.MO .61 .03 M.66 9.96 84.23 VC7 4.231+11 -3.64 89.44 1.84 -,I6 .12 1.16 39.36 88.54 .04 2.561+11+111 -2.42 59,62 3.2 -.16 .65 I .i6 98.57 89.35 .U2 6.77
7 v~ i.6 179.38

1 1.57 156.29 29.19 38.25 61.71 .16 .17 X 84 5.86 88.22 .41 22.32
II 1.57 151.29 .11 296.54 -26.94 .6 -, t eo .rl 5.20 79.it -. 9-io1,91III 2.47 237.55 4-7.26 325.41 -81.16 -. 58 -. 2S 1.58 3.97 71.9S -. 34-W8.869.11 14.54 17M.12 16.38 .16 .09 .24 21.78 87.37 .22 12.39

U-9.37 10,42 -16.13 -. 32 -.1• t.32 30.4d 88.12 -. 20-it.s5
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TABLE 44. FLUORINE FROM WHITE PHOSPHORUS PRODUCTION WASTE ON DAVIDSON SOIL.
AIIT.PE". AKT.RET., CUH.TOT. CKTOT, FRACTION DISTKZmITION CNEFFICIENTSEXT. ' THIS EXT. OALLC. IETI. THIS TOTAL PENETE. INC. SOIL SOUl ONLY.II LAVER MML WGi g Ucs UG M/ G UC/C EMX. CNALLC. FACTOR RATIO DEC. RATIO DEG,

S .91 .82 4.14 5.86 4.14 .69 .69 .31 127.43 89,55 2.22 6S.77
II .43 07 .9s 1.92 J95 .52 .32 .48 263.59 89.79 1.69 47.44

.42 . J .87 .03 .63 .13 . 7 272.12 69.79 .14 2 172.49+t 2.93 2.49 B .85 -as IS os.71 89.9s S.7481,12t
1c1Ill 1.67 t.95 1.67 .86 .86 .14 2453.61 89. 5.99 96.52 -

SU 3.3 ,16.66
1 3.63 9.11T 1.51 16.46 S.55 M1 .34 .96 25.'9 67.77 .6131.43

u 1.614 311 . 6 .A10.91 6.93 66 .64 .34 75.44 39.24 2.23 65. 87Iin1 .51 1.53 1.59 3.97 1.61 .51 .41 .49) 156.65 9.62 1.65 46.361,1l 3.75 8.23 6.24 .71 .76 .29 M V7.67 8.81 4.12 76.63
!u[÷I 3.12 S.4A 4.71 .86 .96 .i4 1351.16 69.96 9.21 83.N

3 U 3.33 26.61
1.7 1.36 9.76 36.46 15.25 .48 .42 .2 23.61 6V.57 1. 48 S, 9 I. 1.72 11.38 .61 21.21 6.93 .66 .33 1.66 22.81 87.49 .67 33.94

;u! .96 S.31 4.91 14.2 6.51 .46 .46 .52 43.46 M8.68 1.21 56.391+11 4.5 18.23 1t.l? .48 .61 .52 6.8 99.37 2.15 65.19
I*11.ll 4.67 I.S 97 .73 .79 .27 385.79 99.85 532 79.36

4 V 2. 27.27
2.s3 31.31 -31.63 63.73 12.22 -.11 .19 1.1l 7.93 82.81 .40 21.9711 2.3 X.41 1.62 51.M 8.75 .66 X1 .94 8.31 63.14 .31 17.6N
£T ft Au "£ J%" &A"a AVf v4A1. - II

"1' '61,4&. in 1. ., 17.c , ./4% ii.4i 64." .65 M.i Q
l,11 -. 61 31i,7 19,49 -.14 .33 1.14 32.76 98.25 .74 36.37

l*1.1l+1 2.12 21.24 11.59 .22 .S .78 "3M9 99.42 1.44 8•.6i
5 t 1.07 4.Ol

I 2.51 (A.41 _21.60 163.73 -8.38 -452 -.68 1.SZ 3.42 74.57 -14 -7.98
Ul 2.73 Md4 -4.65 112.11 3.9" -. 09 .63 1. M 3.54 74.24 .16 3.41111 2.32 55.75 9.71 108.21 23.48 IS5 .22 M9 4.51 77.56 .42 22.84

1*1! -12.73 51.66 -2.24 -.64 -.64 1.64 13.V 9S.08 -.17 -3.92I
Il*!141I -5.25 34.5 6.33 -.R9 .18 1.39 37.15 0.46 .34 16.982

6 v 1.5 7S.14
1 1.3 43.2 1.12 179.VIM 3.74 .i6 .62 .84 3.61 74.79 .16 3.39

U1 1.2k 66.66 2.42 1VS.13 6.33 .14 .14 19% 3.87 75.56 .16 S.96
111 1.15 5.27 5.3M 1N.81 29.82 .69 W1 .9t 4.65 77.96 S52 27.54I'l7.27 89.44 1.13 .19 1 m .91 15.22 66.24 .17V 9.431.111 .63 59.62 12.96 .26 .22 .74 37.63 98.49 .71 3S.13

7 U 1.67 179.36
1 1.67 157.9 190.39 398.25 23.13 111 .166 1.57 57.56 .14 9.23I11 1.67 15."9 .01 335. 12 6.33 111 .12 1.11 1. 46 55.68 .64 2.2611I 2.17 266.46 -46.46 32.79 -19.66 -.31 -.16 1.36 1.66 44.98 -.69 -S.391+11 9.76 179. 12 14.73 1l .Jo .99 S.I9 81.364 I.8 1643It111-9.70 119.42 3.26 -.16 .63 1.16 9.89 84.23 IS5 2.69
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TABLE 45. FLUORINE FROM WHITE PH.OSPHORUS PRODUCTION WASTE ON NICHOLSON
V 'SOIL.

MIT.PE. AUMI . O.TUT. CUIITOT. FRACTION RMED. DISTRIDUTION COEFFICIENTS
TT.I=. EXT. OWlJ. RET . THIS TOTA. PE0R. INC SOIL SO ONLY

:. L II / c U94 U9/ 11/ EM. C~ra. FACTO RATIO DEC. RATIO DEC.

1 2.93 Sb0
1 . 2.83 3.33 .b 3.63 .2 .2 43 527 89." 1.17 46.97

it Js5 .71 212 2383 2.12 .75 .75 2S 2219.51 89.97 3.61171.57U . t.1 2 -.51 .7 -.51 -2.14 -2.14 3.14 761.3913.,2 -.-34.2,

IOU 2.3 2.93 2.3 .0 .S .12 333.3U139.9 7.29 82.18

2 II 3. 1I."6
I .25 15.76 -5.15 16.46 -2.12 -.09 -.13 1.49 98.11110.42 -.13 -7.67I

.9 01.7 14.36 13.31 U12 .39 .17 .11 3.91 69.94 9.S`4 94.61t
KU .1 s ., .76 2.46 -.76 .45 -.32 .5s M168.- , "M. . .,,

4.A ,., 8.n 7.3 .04 .5 .16 3605.,1,,9.99 ,.29 3,.i
.... , 3.2n 5,9 4.43 .91 . .1 1,1.46 11.13 1.16 3S.

3 U 3.3321.I3

1 4.14 24.05 -4.. 36.46 -6.97 -.24 -.0 t.24 62.51 .63 -. W-S.67
U 2M.93 . 70. 4.4 3 . 2. , .V 1 .71 ".16 39.36 1.335.s
1U . 2,.9 14.7 1,.3 .9 .M. .76 .17 S4. f. 39 4A.778.1,

,.! 1.fl 13.2 3.24 .12 A IN, 35..11 V.84 ., 43.17

SM, 5. 6 12.15 13.13 .5 IN .1 .1 M." 16 6.3

4 3 2.V727.0
1 2.9 M..31 -3.63 -.7 -13.63 -.11 -.16 M1 51.1I SM -.33-18.26

3.n3 41.01 4.73 73.73 13.n -.3z .1, 1.• 3i.35 a.m4 .34 1"3.1

I-* 4.36 31.X 1.81 -V .16 1.47 16.1i 9.63 .19 S.37
tUI 1.2 21.24 11.S 75 •1 .55 WIN 627.74 39.91 1.57 57.S3

5 V 1.67 48.61
I 2.a 43.11 -a2.3 1a.73 -33.6 -.so -.32 1.53 24.23 37.4 -.52-27.6

U 2.12 0.4 14.54 13.75 23.36 M2 .21 In7 32.76 8625 .58 36.27
U! 3.3 76.71 -M.39 1.45I .18 -.42 . 1.62 19.62 37.11 .02 .86

-.1! 4.24 S1.8b -1.36 -. 21 -. IS 1.21 121.62 39.55 -.11 -5.57
IU.UU -12.13 34.51 -1.11 -. 17 -. 13 1.97 17.17 89.68 -.14 -2.58

II 1.9 75.14
I 1.82 87.214 - 12 16.137 -4.15 -. I6 -.25 1.16 17.34 86.79 -.,2-27.36

u I 1.18 3.61 -2.42 224.02 2S.11 -. 13 .12 1.13 V7.6A U6.76 .29 16.19
!iI 2.17 79.31 -9.71 193.14 .4.SI -.11 -. 14 1.11 15.61 8.33 -. 19 -4.,9

I#11 -7.2V 19.44 -9.64 -. 19 -.11 13.9 69.34 3117 -.21-12.13
+114,11U 4.8 59.62 -9.26 -.32 -. 16 1.32 141.99 " .5 -.29-05.62

7 U 1.8 179.33
I 1.62 155.14 24.24 33.25 -21.91 .14 -. u6 .86 9.92 84.24 -. 13 -7.b8

II 1.72 164.3 -9.71 37.15 16.18 -. 16 .14 1.16 9.56 84.53 .11 S.61
111 1.6 159.93 4.35 362.97 -3.67 .13 -Ili .97 9.73 94.13 -. 42 -L.31

l.11 7.27 179.12 -2.36 .18 -. t .92 37.83 88.49 -. 13 -1.64

1.11.Il1 6.46 119.42 -2.31 .1t -. 12 .89 V7.71 9.35 -.15 -3.11
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TABLE 46. PHIOSPHORUS FROM WHITE PHOSPHORUS PRODUCTION WASTE ON CHALMERS
SOIL.

ANTPENT. ANT.tETD. CI.TOT. CIM.TOT. 1 DISTRIBUTION ig FICIENTS
IXT. - THIS EXT. IIM.L,. IETI. THIS TOTAL PEOOTR. INCL SOIL SOIN ONLY
0. LA It WK U G4 UG" /G UG/C CMT, CHALLG. FACTOR RATIO EG;. RATIO KG.

u 110.3 21.0
1 9.14 43.2 2.7 21.07 2.7? .13 .13 . 25.32 7.74 .IS 8.67

11 9.77 19.5 -1.35 L1.2 -1.25 -.07 -. ,7 1.V7 23.49 9.S6 -.06 -3.67
111 8. 17.76 708 190,3 17 .19 .19 .91 26.11 V7.81 .m 5.72

I*II .77 1I. .77 . .7 .n 94.23 ff.3V .1. 4.49
1.1M11 1.1 7.02 1.16 .1 .L6 .84 233.35 8.7s .S 10.57

2 IW 3.01 10.44

£ 4.77 14.30 -3.36 31.51 -1.03 -.37 -. 13 1.7.7 32.19 N,.22 -. 18 -4.30
ti 4.67 14.N1 .31 3.2 -.95 .12 -.0a ." 32.79 N.25 -.. 7 -3.8s
11 4.91 04.77 -. "7 33.51 1.0 -.06 .03 1.06 31.21 N.16 .17 3.3?

I*U -1.71 I5.75 -1.01 -. 34 -. 16 1.34 131.3019.S6 -. 14 -9.23
I*I.,II -1.44 1050 -. 34 -.42 -.Ai 1.4, 231.21 V9.04 -. 17 -3.95

I I.V 3.14 -1.67 U.N -2.74 -. S -. 17 1.25 55.430.97 -.33-16.40U ,.34 ,. . 21 4., -.74., -., .9 S.201.,, f -S.-2.
in 1.33 .11.0 -1.7 41.36 -1.%6 -.X7 1.37 41.64 N.A2 -. 13

IUI -.73 19.14 -1.74 -.22 -,19 1.22 221.72 09.75 -.43-23.43
K+I1,Ul -1.47 12r9 -i.31 -.67 -. 14 1.47 37S.91 09.95 -.4h-26.33

II .II6.31

S U (.51 (12.12 The reminder of the table
1 (.-S1 (U.2 was not calculated because

II (o3 (12.12 of the prevalence of values
IKU (.50(12.12 below the detection limit.

6 1 (.S1 (24.24
1 (.5S (24.24

1II1 (,.50(24,24
UII (.SO (24.24

7 V (.0 (4.14
I (.SO (4.41

II (.S3 (44.49
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TAKE 47. PHOSPHORUS FROM •1HITE PHOSPHORUS PRODUCTION WASTE ON DAVIDSON

MIT. PM '.I MT.IMT. 0C. TOT - CO M.TOT.-f REMaLI DISp3RITION COEFFIgIPMT
0T. .-.-.- EXT. CWML,.. sm. TMIS T,,. TOTAL. I,. tIL SU ONLY

0. lAWS om uc WA U" UV, CT. OWIu.. FACT RATIO PM. RATIO DEC.

u jg~g21-V
I C.IS 1. til 2.7 21.17 2.97 ,14 .M4 .346 24. V,.5 N .16 9.32

uI S.53 U..67 7.63 1#.1$ 7.13 .39 .3? .41 42.94 t.47 .64 32.42

111 4.11 5.26 2.V 11.17 2.37 .2 246 .74 S7,4 19.11 .35 09.2

|I5. 1,.53 S.N .47 .47 .53 1716.21 f.M .6 "42.19

1.11.163 4.29 7.2 4.29 .41 ,41 .39 515.71 6,.39 .57 57.49

S u i.e4 14.44
£ 3.52 .$6 -. 12 31.S 2.35 -.61 .1? 1.6i 44.44 N.72 .27 15.1,

11 4.C1 12.1 -1.47 3.6 S.54 -. 14 .19 1.14 39.4t M.,SS .46 24.51
111 3.19 956 2.47 23.11 S.34 .21 .3 .7 69.57 01.04 ,56 29.13

1'a -. l IS.75 4.2 -. IS .27 1.15 1rA.49 19.63 .71 34.95

1.29 131 4.SI .0 .44 .92 442.51 39.17 1.44 55.13

1 1.8 7.0 -.73 35.18 2.15 -.11 .6 1.11 44.72 39.11 .34 14.46
U 1.43 3.9' -i.= 5.93 4.26 -.11 .12 1.13 53.13 6.94 .4 26.46
111 1.3 il. -1.42 31. 3.91 -.17 .12 1.17 47. 5.7?9 .39 21.38

1.1! -1.36 19.14 3.26 -. 31 .17 1.33 219.2? 6.74 .J 36.77

I+.1.6 -1.4 12.49 3.44 -. 9 .27 t.52 422.72 f9f.6 1.13 4S.91

4 0 .62 7.3F
4 .53 44.66< <.5 414

III M4 7.21

S U (.56 012. 12I (.(12.1.24

III (.SI (142.
1.1!

4 5 (. (214.48
! (.53(24.24

11 (.531(24.24
lll .(.53 (24.24

1.11

u (.51(40.4
1 (1 .59(,6.72

I,"I
1.1l.1l1
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TABUE 48. PHUSPHOMJS FROM WHITE PHOSPHORUS PRODUCTIONI WASTE ON MIICHOLSON
SOIL.

M9T.PIE . ANMTA.R . CUN.TOT. CDl.TOT. F, IO 193. DIS]I IIN C&FEICIENTS
EXT. - . I . OSCU. e). THIS TOTAL KAM,1 IND. SOIL SOLN ONLY
36. LAID I U.$ U UU/4 UG/W WA lW. CHMLLC. FACM RATIO KG. RATIO OEG.

1. 21.1Vi

1 9.7 19.40 1.47 21.67 1.67 .-8 .1 .12 98.22 89.3s .9 4.91
it 6.34 12.61 .73 1,.0 4.73 .35 .3Z .65 135.44 f9,58 .53 27.95
IU 4.15 1.1 4.36 12.66 4.31 .35 .3S .65 206.75 89,72 53 27.86

1#11 4.20 11.S3 4.21 .41 .41 .1 541.2n 19.89 .66 33.51
1.11.tl1 4.2 7.12 4.24 .41 .61 .39 1957.S2 V9.97 1.54 57.02

9 3.41 11.44
1 4.11 1133 -1.19 31.11 -.23 -. 11 -. 11 1.13 13.44 I8. 9 -.02 -1.06
u 4A,& 14.0 -1.5 31.n3 4.11 -. 21 .13 1.21 .22 39.5 .3 1S.70
IU 4.41 13.16 1.12 27.5 5.40 IV7 .21 .93 1.23.75 V.5S4 .39 21.28
1+11 -2.3 15.75 1.91 -.4 .13 1.43 440.1389.88 .27-14.88

I+.IKIt! -1.14 10.59 3.12 -.33 .3- 1.33 M11I. 89.9S .67 34.01

3 v 1.10 4.38
1 1.l7 16.13 -1.41 3.0 -3.4• , -. 1S 3 to IM.i 089.4 -. 37-21.1
U 2.3 .1233 -2.3 41.74 I.E -.23 M 1.23 , M,,81 ff.59 .15 8.44
u. 2.6 114 -3.73 VA. 1.47 -.3 .04 1.31 10. 89.44 M.1 S .94

I11U -2.1 19.34 -. 01 -. U -. IS 1.36 554.51 89W.9 -.15 -8.32
1.11*111 -3.14 12.49 -.04 -4.44 110 2.44 993.13 89.9V4 -.41 -.47

4 U .2 7.39
.1 CSI 46.116 1.33 45.41A -2.3S .19 -.IS .92 281.79 89.90 -39-21.1t8

11 .40 7.21 -1.15 47.32 7n It.19 02 1.19t 237.23 89.76 .90 5.76
Ku .75 6.97 4.74 47.11 -.19 -.24 i.f I. A.6S Mb 9.7! -. cc-

Put .89 22.74 -.5.1 .62 -.64 .90 948.27 89.94 -22-12.67
1+114111 _-.3 15.14& _.S7 _.21 -04 1.21 1715.7 89.97 -.10-0.78

U .49 <(5.124
KUl ,5713.7l

1 .. (.O(24.24

7 1 (.51 (464
I (.541(.46

I1 (.50 (4.46
III .so (41.7
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SECONDARY ZINC SMELTER CINDERS

The secondary smelting of zinc produced cinders that had been deposited
ir• an open dumping area. The age of . sample tested was noc known, but
they may have been exposed to !eachiig for several ,,ears. Table 49 and
Figures 92 to 97 show that this sample of cinders wits not wery soluble and
the 'Iachate was only slightly acidic. lowver-, the condvc4 Lancc histograms
iadicate that sow substances In the soil were ,olubilized by this extract.

TAME 49. LEACHABILITY OF SECONDARY ZINC SHELTER CNiDERS

Clement Inltili Whtm Concentration Levels Off Total Weig•t Percentage
Cornc. C Ex"r. I•L7,• .Ej'u1v_ Extracted Extrazted

Cd 0.34 0°04 4 23 75 1.7 2.8
QPb O34 M3 7 190 620 W28, 40.2
3i 0115 0.08 4 23 1.9 0.10

41. 2.1 7 l0 0 707. 1.4

measure- Iritial kalr Estim.Tot.Extr.
Mont .. ... .. _ equiv/g)

Conduct. (P th) 370. 6•. 58.
pH 6.7 5.

ofacdmimui
Ftgurv 98 and Tables 49 to 52 '•sii;,' %that trw concentration of cadmium in

T."* 'Mache is low initially and ops rapidly, poducing a total of only
about 1.7 ug/g which is 2.8 percent of the cadmium present in the cinders.
Figures 99 to 102 show that all thre* soils retain the cadmium well, although
precise calculations on the fraction retained caonot be made when the concen-
tration falls below the detection limit.

Lead

The concentration of lead extracted is low (0.34 ug/ml) giving a total
o• approximately 20 ig/g, or 0.2 percent of the lead in the waste. (Figure
103 and Tables 49, 53 to 55.) So many of the samples were below the detection
limit that no attempt was made to calculate and plot the fraction retained by
the soil. The weights obtained in each extraction are displayed in Figures
104 to 106.

Nickel

Tables 49, 56 to 58 and Figure 107 show that the concentrations of
nickel in the extracts were very low, yielding a total of only 1.9 Ug/g,
which is 0.10 percent of the amount in the cinders. Figures 108 to 110 show

176

I_.I



that the amount of ntckel in the soil extracts were generally below the
detection limit. For this reason, a set of histograms was not prepared
comparing the fractions retained.

Zinc

Zinc was present in the cinder extracts at a low concentration (41 ug/ml .
decreasing to 2.1 ,g/ml), as seen in Table 49 and Figure 111. A total of 707
jg zinc was dissolved per gram of cinders, which represents 0.14 percent of
that present In this waste. Tables 59 to 61 and Figures 112 to 115 show that
only a few percent of the zinc penetrates the 3:1 soil-to-waste ratio, giving
an average concentration of 0.14 ug/ml. All three soils are very similaw in
performance.

Aged cinders from a zinc secondary-refining operation yielded low or
very low concentrations of cadmium, lead, nickel, and zinc. The sample
tested was quite insoluble and only a few tenths of a percent of lead,
nickel, and zinc dissolved, and less than three percent of the cadmium was
removed by the seven extractions. The effluents from the soils contained
very low concentrations of these metals, although previously-retained cadmium
was being released.

177



SU-MHO 8 I-MHo

0c

o 0

EXTR .o EXTR ,,4

25 .

EXTR,ý,g EXTR;8,

-Ala

EXTRE E XTR Y

1771

IHI
FIGURE 92. CONDUCTANCE OF EXTRACT FROM ZINC SECONDARY-REFINING CINDERS ON

CHALMERS SOIL.

176



PHPHI

EX TR. 8 . 1N. .
1.4.

II
8I

J~C J, .

EXTR. g X

w I U
4. •

I •~ I Iu Im

FIGURE 93. p11 OF EXTRACT FROM ZINC SECONDARY-REFINING CINDERS ON CHALMERS

179 1

!2



r,• .IJ•HO 8 -MHO

EXTR ,•.EXTR ::.

ass.

M xEXTR

EXTR;,jEXTR~J

EXTR:4. ;f

FIGURE 94. CONDUCTANCE OF EXTRACT FROM ZINC SECONDARY-REFINING CINDERS ON
DAVIDSON SOIL.

180



PH. PH

ET -,J EXTR

a I I__L ICj

00

S. 7. i;

EXTR.
2.-

4;L-L - _

w 1 111In
FIlWRE 95. pH OF EXTRACT FROM ZINC SECONDARY-REFINING CINDERS ON DAVIDSON

SOIL.

181



jiu-r io UR
EYTREXTR-

EXTREXT Rb
6.2 

2

EXTR EX T R
a 1

EXTR

N I 1IIl
FIGURE 96. CONDUCTANCE OF EXTRACT FROM ZINC SECONDARY-REFINING CINDERS ON

NICHOLSON SOIL.

182



U
PHPH

E-XTR . . .

II
S I

1,tq• - n1l " 1•4,8 , L, e _

L L IT

I IT i

FIGURE 97. pH OF EXTRACT FROM ZINC SECONDARY-REFINING CINDERS ON NICHOLSON

SOI.

183



K---I:!-

200

0:

cc

IAJL~jr-
2 D

C (-

0uj
80

to-wo L8 _

ar fIzo1- W6 0
iw/on,~ oo 84*

184



rEXT. 
5.

8 to I" IDd01 1s uo a o 0 elallvtdson $$

11.

34 7-

Wts4 I E

tif l!ThsflIit

REFININGt IDES, LEACHT.8 Jt s 0e . ~ 5

C -Chalmers

D - Davidson

N -NicholsonI

FIGURE 99. COMPARING FRACTION CADMIUM RETAINED BY SOILS FROM ZINC SECONUARY-I
REFINING CINDERS LEACHATE.

185



F;TAMO -0UNU FROM ZINC SECOMMY-REFININ6 CINDERS ON CHALMERS SOIL.

.34 .3=

a ,u.6 .18 •, •. , z .+r . sT

I . 8 4 . 6 -. ,os .64 A . '4 a16 1 . % 5 .7 5 3 .6. .1 . • .A . ,A .,s 1., a.,1 . 3 2 i.43m .- 4 . .4 .1 -,_1 .6 -Le 1.6 4,9s, 7 -.5-•29.6I'll .61 .A . .6 .6 .54 6.134 19.34 21.1 17.37
S. 1 9 . 2 3 . n6 . 11 . 0 5d .9 7 ff9 .6" 7 . 5A 32 . 4

3 3 .016 .tl

X.k ,1 .12 1. .1 6 .-S .1 ,so 43.3 91.7& 4.66 82.1-U (.61 (.Ia .11 .3 t 1 .A7 . ,? I.A1 6.9 6.7 69.34U .6 (.0 .p .A3 -.05 .00 -. 4 1.l0 4.94 76.S7 -,83-9.31I#U .JS .4 X .32 .8 . 4, 311. 1.47 6i.57 2.7

x*.Iuo .39 .4 .32 .3 .61 .3 91.39 69.34 11.83 34.30..4 o .2 1.43 .15 .16 .71 .64 6.44 31.34 4.51-77.%7

U (.01 CA1 4s .34 .13 .56 .47 .29 11-41,2 -7 2.37369.44MU (.11 (.12 .6 .13 As~ .11 -.1 1.14 7Q1,2 .- 91

.1A1 .14 .M .49 . JS . as .00 27.6387.95 1±.67 @J.57i.ll.11 ,12 .41 .32 .It ,9 .21 4.65 1.11 16.9 2 . 7739
4 U .14 .I

1 .6 .24 .24 1.6 1."4 -o .6& S1. 4,6 t,34 4.64 77.47U! (.u1 4.2 ..42 1.8- .. 4 .47 .4. .33 .. .84
I*+U .68 .64 .41 J 1.94 11.2 5. 4.941.2I .7 .45 .44 .7S .379 1.6 41.15 U.1 10.921 4.74+ u < ,t (.24

,-U .97 -.24 1.92 .15 -1.33 .44 21.U 2.7 .702 1 7 j , o

I aI .-n -. 24 IX1 .t4 -,.9 .t4 I.Sl .74 36.62 .ft 3.18III (.$1 (.2I .41 1.13 .43 .67 .42 .33 3.8S 7S.46 t.79 60.83I+ll -. 24 A9 .44 -2.H1 .4A 3.11 1.J7 75,87 1.22 S1,71
111+.1l ,IO .!!4 .44 .l4 -it 1II 24.12 V.62 S.4 7.62

.02 .73 .11 2.&S .15 .11 ,32 1.10 1.15 41.6i 1. V 49.40uI .1R 9 -. 24 1 .0 -. 21 -. 33 -. ti 1.33 .31 17.18 -. 21-11.77
U! , .97 .11 2.66 .43 .6l .22 1.66 .9% 43.94 .4S 24.131*1 -,12 1.32 .32 -. 33 .24 1.33 2.73 69.8 .67 33.691+11+111 .Nw .34 -. 33 .41 1.33 S.76 f.114 1.1l 48.16

7 3 (.<41 c."I .13 2.91 -1.94 3.4• -1.69 -2.66 -36 3.1o -. 21-11.48 -. 38-21.3
II (.11 (.97 1.94 4.71 1.74 .67 ."37 .33 2.31i 66.57 .79 61.83lU (.91 <.Y7 .II 2.97 .43 .06 .is 1.66 .96 43.94 .4S 24.13 II*U .0 1.11 .32 .6 .i8 1.11 2.73 69.88 .67 33.69

1*I1III .0t 1.21 .36 .go .31 1.66 S.76 80.14 1.11 48.16
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TAKE 51. CAMIUM FROM ZINC SECONMRY-REFINING CINDERS ON DAVIDSONI SOIL.

UIT.PIOT3 WWIC. OIN.TO. CUN.TMr, WT WIJ[f. lSIItICLF1EJar. THIS UET. Oa.LS lE) TlS x. 9. IKL SOIL LMU MILY*, . Lan Po. MS V.16 LvG1 1 UT. OK.L. FACTM RAMI WE. RATIO 0MC.

.9 :a As3 a~ 1% * .16 .14 0?.i 191.17 21.33 P7.2u .03 AS -5 .93 -. 12 -. 47 -. 67 14b7 X.31 U."3 -. 0-21.91.n64 IS -Ai 4 -. 64 t..44 M 57 %. 74 -.37-21.34
IU.t.t23 .3 M-25 WgV.5 Q1.435I.37

I* *U .2t .13

IN (f .6oxz. .0? 74.11 IN. 2 26,3 V7.83u (A., C"~ .I0 m~ f .04 -.4 Ml6 47.0~ 99,79 -. 67-33.49lu wt .3 -. 13 A , ft -il -Js 'cv ?.e VISO -1.IO-"Ap

11I, 4 . ~ .&4 1B .33 W~IN P-iK7S 11,83 85.17

I .P C9 ý2 1.ii X l ~J. so

v8 .434 .7x.7 2

-6 1ý U- .1.40 .1 732 Z
~ .~ -~ .~ -. ~ 2.53 -1.67 M ."3.~3 ~ 96'i3

i'fM

., .33 -2,5!.s .34 Mi 77.6.! R~.!t .77 37 13
4.4 -. 63 -5.50 a~& 6 - 91:1210 -.16 67

73 .0

~12 IS1 .9
I qA .1 tg

-8 .U 131 ý3. F, ý4 21
21A27238 19 62
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":" A UIU FROM ZINC SECONMRY-REFINING CINDERS ON NICHOLSON SOIL.
S• T I, AfT.ITI. CU.TM. TOT. QM.TOT. W DISTRIUTInm M.iF1CImTSTHIS E.T. C)WLC RET). Th0S TOTAL PNETI. INCM SOIL SOUl ONLY
S.. • L . inC • UG5G EyT. - LOR . FACTOR RATIO DK6. RATIO DEC.

T 05 , S .59 ,48 .59 .87 X .13 11.94 8S.21 4•.44 81.18
. .03 .16 .19 .16 .67 .47 .33 A8M5 66.91 2.16 14343.33 16 -.63 ,6 -.03 -1-.6 -1.66 2.06 7.7S 92.4S -. 6-2AS7

.3 .34 .32 .14 .94 .64 87.34 89.34 21.33 87.32

.21 .23 ,Z .91 .91 .10 94.42 19.32 i.17 84.38

I ,-3 a l .1 . .6 ,U9 A. 8 91 1 A 42 15.73 96.36 9.13 83.75.(.61 1,3• .A .17 .11 .46 .64 .41 26.61 87.14 3.51 74.6S.12 .65 -al l .16 -.A -. So -.75 1.54 116.194.29 -1.66-4•o.1.,1 .16 .43 .41 .13 .93 .17 9234 09.33 2U.33 87.3

JS .09 .3 J 0.3I3 WO US6oi
1 .12 .A? .24 1.19 .93 .7 .78 .27 15,73 86.37 16.28 o4.44<T (.311 ( .63 .26 .14 .33 M~ .47 1W.t634.54 2.25446.14'ai t.61 4.64 .6 .10 2 -.65 .66 -.31 1.68 75492.41 -.79-36.97.14 .40 .54 .92 M98 19 56.47 9.87 17.67 86.74

.69 .40 .34 .92 .04 .19 9t1. 9937 1.6.92 84.62
4 0J A6 .48

S.63 .36 X, 1.68 1.16 .25 .63 .7S 4.21 76.4 2.96 76.9)9
i <.it .84 .37 .07 .61 .33 7." 82.15 3.13 M,24,FFkl ... .. ... At, =-,.A -2,:L . -. JS -21A:• - i.7m

110-,04 ,i .31 -.2 ,54 1.25 9.92 83.6 1.49 56.16

N %'J1. 4,24
4 . 1 1,!? -. 85 1.92 .21 -3.56 .11 4.56 .Z5 32.95 .19 16.75U .9 . 1 ,73 1.71 1.11 .67 .65 .33 4.42 Qr.24 3.34 71.81Mj; (:6t <,24 .12 .41 -. 41 .33 -. 67 .67 .38 26.57 -1.69-49.35lilY -" ,9 .66 -. 5• .68 I.56 9.11 93,74 3.61 74. 2

.1I .44 .31 .66 .47 1.11 22.29 97.43 3.73 74.99

6 m -r .73S .3 1.45 -,73 2.5 -,S2 -1.66 -. 21 2.0 -.11 -.79 -. 36-19.68-.Q2 .73 .73 3.17 1.83 .51 .58 s5o 3.21 72.69 2.52 68.36<i -.it <,48 .24 1.33 -. 17 .33 -. 12 .67 .69 34.51 -.34-iS.97
.+! 66 1.,32 .66 .6 ,1 .56 1.6 4.56 77.62 1.81 61.62
-I'LtI .18 .88 .38 .33 .43 .67 11.65 95.61 2.36 67.68

1 <.•i <. 97
I <,.OI (.9 .66 3.62 -. 52 .66 -. 14 1.60 -.62 -1.19 -. 54-28.21

11 .63 2.91 -1.94 4.14 -. 11 -2.11 -. 13 3.11 .14 7,71 -64 -2.09
-U ,it <4,97 1.94 4.24 1.77 .67 .42 .33 2.34 66.89 1-83 61,32WTfl - ,i 1.81 -. 31 -2.16 -.17 3.06 .47 25.28 -. 22-i2.1SM.! '.21 .38 .ll .32 .116 5.92 81.26 1.18 49.77
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r IML S 3. LEAD FMH ZINC SECONDARY-REFINING CINDERS ON CHAL4ERs SOIL.

I.IV.PBtW, M. Co.T. ctD. OuTT. = U UTM COEFFICIENTS,, ------ TS Etl, [IT.LC. NTM, TH IS .MAL T M . IN. SOIL q) ALM YW L M UG•A tirM • SC I" WA EnI. 0 . FACTOR RATIO On. RATIO 0%.

U (.1i (.a
k 1411Z (.11 (.2U

The rmainder of the table
~ * (31Was not calculated because

I .(10 (31 of the prevalence of values
11I .iS(. N below the detection limit.

3.1Z a !I (.8 C.

4 V (.0 (1.23 I (As f2.41

I ,j t u IX
V 1.14I+U#III *

9..9

I+U

MV.111

4 V .22 13.71

7 V .13 12.16
I .t{ 17.47

III .41 •.
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FIGURE 104. WEIGHT OF LEAD FROM ZINC SECONDARY-REFINING CINDERS ON CHALMERS
SOIL.
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TAXE 54. LEAD FROM ZINC SECONDA Y-REFINIfG CINDERS ON DAVIDSON SOIL.

UT.PFeyt." .mmTreT. ct3.W. •m.Tff. GlHf•ftL RDSTS- r3 CUFTICIEMENTS
a?. -T---- ,HIS EXT. CW.LC. NEWl . TagU MTAL PET. IN•.. SL SOIL m OILY
0. LATER " I HG/C U%/C " TII. ONLL". FACTOR RATIO DEC. RATIO DEC,

II (,is (.28

2 1 (Js:• (,1

(.11 .31

I C.10  (.•

II (.,10 .31

UI (.10 (.,6

lIII

LU (.110.64
IU

I (.13 (0.20,U (.,10 (1,Z
.II .12 1.47

v 1.11 (2.06
(.10 (2.461

II .1,? 2.01

I1 .13 302
I ,,,

.t 11,71

&.22 11.71
I (.I (4.34

II , .if ( 4,81
III ( .11 C 4.80

7 .,13 12.16
(.g (9.b1
II (9.40a

IlI (.10 ,(9.4
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FIGURE 105. WEIGHT OF LEAD FROM ZINC SECONDARY-REFINING CINDERS ON DAVIDSONSOIL.
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TABLE 55. LEAD FROM ZINC SECONMRY-REFINiNG CINDERS OD NICIOLSON SOIL.

MIT.PEEM AT.0AT, . CO.T T. OM.TOT. I IXSrl!Inilm mFVruT
ElT. M EXT. OlLC. emT. TNII TOTAL PM1Th. Im10. SIL S" PLY
0. LAWIN rI. um wc wc u"/C U" wM. OW.. FACT RATIO MES. RArIO IM.

1 .34 .1a
I (.11 (.A6

.16 (.21

I,n•gu
II "(3s (.31
I (.16 (.31

MI (.16 1.31

1*11,

I#I
4 (.6 l. m

1 .t2 i4II (.0 (0.21

lu c If(1.11

I#U

1'*1.I

S 1 611 (2.-411 U 1 (1."3

II .1 7.8
ILU .82 5.25I÷II n

I+U

U .22 11.7t
I (.10 (4.81

It .1i 7.64
III (.l (4.06

II+
I.•II.•IU

7 b .13 12.16
I .27 S.44

11 (.16 (0.64
111 .21 I1.15
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(Histograms were not prepared comparing *'raction nickel retained by soils
from zinc secondary-refining cinder leachate because the concentration
of nickel in the soil extracts 'ws below the detection limlt.)
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VW JMF1P. (Q.TflT. DISLLR1aMggIFIC0mT

~~W MI~U~ I cr. OWU~. FKT1U RATIO KEC. RATIO D6E.

The e.y"lnder of the table
.W .77WAS not calculated because

I cU ,tSof the revalence if values
U Cm .15 cielwi detection limit.
W, 4.1 'JKS

4 V m .

U (A5((A

I (.Cs iz4

; ~ (.15 (2.42

LU (.IS (2.42

(.15 (2.4

III (.IS (2.21

CI 14.85
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ms'L 57. NI CEL• FROM ZINC SECONARY-REFINING CINDERS ON DAVIDSON SOIL.
-T"F.,Et. MTURErh. CM.M. CI.TOT. 'QCTJ[JRU DISTRINTION COFICIENTS

P. THIS U. OWC. RI. THIS WT;I POT. INCZ. SOIL SOLM ONLY
~#fl~J. S C/C 5Ca (IC/GC UT. CHLL. FACTRo RAM~ DEM. RATIO DEC.

.15 .&i
(.Js (.6-

11 (J.S (.6

Il .(J (.15

U .19 .21SI (.05 ( ,15

I (U• (.12
7 ! (.5 (.IsI,"I

U € .U, .45--

1 (.95 (4.8

III is (4.8I
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TABLE 58. NICKEL FROM ZINC SECONDARY-REFINING CINDERS ON NICHOLSON SOIL.

MAT.PER. AK'.RETD, CM.TOT. UII.TOT. .FRACTION Rj nISTIlATIOn CKl'FVICIEN
EXT. -- THIS D,. CA". RETh. THIS TOTAL PETR. INCL SOIL SOLN W&Y

Nk. LAYE Wraft UC/C Uic/c UC/c tiG/9 EXTI. CHALL. FACTOR RATIO KEC. RArG DEc.
I .15 .31
I <.IS ?Al

II <.15 cII
III <.IS .1C

1411I+IDII

II AS Q.15
Ill <.IS, cis

III <.Js (.Is

I+I

II .OS (1.21
II <, 15 .94
U I (.IS (.021

14131
I l .1 , W

III 4A i

6 (.IS (2.42
1 (.15 (2.42

II ,JS (2.42

III (.15 (2.42
I+II

I+II+III

7 w (.65 ( .,5
I (.85 (4.95

II (.15 (U4.8
III (.I5 (4.85

l+II
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FIGURE 110. WEIGHT OF NICKEL FROM ZINC SECCNDARY-REFINING ICINDERS ON NICHOLSONI
SOIL.
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"ABLE 59. ZINC FROM ZINC SECONDARY-REFINING CINDERS ON CHALMERS SOIL.
ATPCTu. AI TPT.II . Cr .T. Ojm.TUT. = 0. eI.[ pisTRA TIOT COU'FICIEPTSEXT. ---- -- EXT. CL. RlT, THI-S TOTAL PEMETI. INCL SOIL SL ON.LYit. LAY1 iIIL " uwG t/'c UGtC LlG CM. C-NLL. FVOR RATIO DG. RATIO Du.

t V4 4.45f1 . 34
I .9? ;.9 79.33 11.30 N~.33 A9 9 .02 7t.29 69.20 40.17 88.57U . V 1.3 .A1 1.4, .31 .1 .69 45.43 8.74 .44 23.81I11 .33 .v7 .71 1.37 .71 .s1 .Al .49 93.77 89.39 1.1t 44.48+II 3.97 40..5 39,97 ." 9 A 9 .2 231.1 U6 p, 8 50.19 89.0214II÷U1 V..U 2t.1o 26.1 9 . 11 .99 . 955,35 1 21.97 89.53

2 U 14lo3.4.,t

.40 1.44 47.1t9 1t9j 16.S2 .97 .97 .43 136.8489,S 7.9t19 89.35U .26 .77 .47 1,4 t.27 .4• . .54 61.43 09.30 1S. 8.874111 .21 At .1W 2.15 .v .22 .4j .73 13.21 9.45 1.44 55.25I*#I 23.93 64.1V 9 ..9 ." A 9A .12 40S.3309.98 165.399 "A
ll1 1 14.61 43.3t142' .0 .19 . -i .it 136.14 8.95 212.32 89.73

3 U 0.35 42.11
1 .41 2.43 S1.63 19.A 1 . 9 A .97 .64 ".79 69.4 '4.92 89.244. .14 9 15.90 SA 2. 2 .2 A. .30 60.79 89. 7 3.16/-.571 .11 .14 .6. 3.09 A.9 .16 .31 .9 73.A .23 1.14 40.671+11 30.59 %9.03 97.43 .90 .98 .62 444.,r8M.a8 21.18 89.72
I2. 26. 44.62 63.31 A 11".6 P.93 223.78974

4 U 4.41 76.%
1 .30 3.50 73.39 249.61 21P.S3 .9 .9% .25 69.07 69.34 72.59 89.21II .10 1.21 2.34 9.4 5.19 . .i5 .34 55. 9.96 4.23 ,76.83

UK .38 4.5 -3.33 4.30 -2.37 -2.75 -. SS 3.75 13.68 63 -.72-27.S237.U CUM~~ 41n IL as a& .A - -- -..---

-~l 3•.5 .- ý94 lex61 .1.31 ,04b ,95.4 .1W•i , • . A ,

1+II4111 24.14 09.47 37.45 .94 I9N .6 186. 69.8 6857.72 99,51

s U 3.13 76.36
I .67 4 40..6 3E.9 36.1.3 .79 .93 .21 24.24 8.64 26.32 87. 0Ui .L "..4 3.27 25.23 8.45 .21 .34 .7? 5.43 79.92 .68 34.it1in .21 4.115 7.44 14.71 5.2 .41 .1 .39 13.63 865.97 1..9 47-.I~UI 3.94 172.46 1U4.29 .94 .95 .1O 46.12 @0.376 2.32 87,LI+11.111 23.84 115.12 111.29 .94 .97 .04 193.59 99.69 48.86 9.17

4 U 3.21 157.54
I .47 32.6N 0.56 S02.93 445.70 -a .89 .26 15.84 84.39 013. 8SI .31 i.6.3 14.97 57.23 25.42 .- 3 .44 .47 5.81 86.22 1.69 9.?41III .11 5.33 9.71 31.8 14.9 .45 .47 -.5 1439 86. 0 2.81 76.36I+II . 31.44 235.54 .90 .94 .16 47.80 8.9.6 31.35 8.17t6IKI . 17.44 142.63 .97 .97 .13 MA954 9.71 91,.IS 99.37

7 U 2.12 263.42
I .%6 92.11t 111.S0 764.55 557.26 SS5 .79 .45 6.72 81.S4 6.05 98.6i11 .17 14.43 7S.63 149.34 161.65 .82 .48 .19 7.98 94.22 6.10 8074111 .17 16.40 .16 40.29 14.96 .66 .31 1.66 41.66 77.88 .91 42.231.11 93.S.- 35.27 329.1 U .92 .73 .68 54.93 88.96 39.93 88.571+11+111 62.38 23S.52 224.41 .92 .95 .8 74.59 89.23 41.84 88.60
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TASLE 60. 7INC FROM ZINC SECONDARY-REFININ6 CINDERS ON DAVIDSON SOIL.
MPUETi. AiT.lETo. cM.TOr. CUll.TOT. EZCIM I , IS C.I•ENTS

CU. THIS MXT, OMLLC. CKTh. ThIS I"TN1L MTnR, INCL SOIL SwIN KLYo. LAYEI " WAL U" / U"/C UWG XilM. OKFLL, CTOR RATIO D(;, IDATIO DM.

W 40.6 591.31
1 .45 .-f U.41 51.3 N. ,99 .9. .01 1495 89.62 88.44 89.35ll 1.43 2.57 -1.96 -91 -1-96 -2.16 -2.16 3.16 L.49 96.9 -.68-34.34III 1.23 2.0 .46 2.8X .46 .16 .1A .84 23.17 07.52 .19 16.94IU! 39.2 4C,6S 39.& .96 .9 .04 M14.04 99.45 27,35 87.911.1I1 li26.3i 27.11 26.34 .97 .7 .03 23•.75 09.76 32.82 88.25

2 V 16.21 41.63
1 .#A 1.Z 46.63 12P.94 1,27.64 .96 .A .84 91.73 99.38 64.01 89.11lu .33 A9 1.96 2a ." .54 -.33 .Al 54.88 10A6 -.97-44.26111 .31 1.14 -.1S 3.15 .31 -.15 .OR 1.1 48.6146.82 .29 15. 411+11 23.e 64.97 63.14 A9 M9 .12 351.449P. 84 129.0469,551.11.111 Mo.6 4.1.1 42.13 .6 .97 .*12 wa46 f.96 "9 11.24 99.48
v 11.3 62.11
I A9 5.64 S6.45 192.05 153.52 .91 A9 019 42.32 89.45 32.56 09.24u .36 2.13 3.45 8.53 2.52 .62 .30 .30 26.74 07.86 1. 17 49.5S7KUl .1 r.7 1.42 6.10 1.74 .66 .29 .34 79.62899.27 2.39 67.29len 2.9A 96.63 .9.0 .97 .97 .13 196.7499.71 86.4999. 341+11+11 20.46 64.02 62.S9 .99 .M .1 3.92 99.94 258.23 99.79

4 0 4.4174.%
1 .96 19.-w 6.36 269.01 249.9 196 .93 .14 26.75 9Wit 23.5S6 T1, S711 M 14 1. 91 L i t 191 11.43 .94 .40 .16 3MI1 96.54 6.74 81.56iAI 697 1.7 -IV.A 7 . a -%I.to , -CA .97 -i.07 i499 MV~ 7'5.Y -.%l-U.24V1! 763 134.51 130.66 .9 .97 .12 283.66 89.83 154.3 it9. 63l+Il.Ui 21.76 99.07 84.35 .85 .94 .15 63.96 99.10 21.64 V7.35

S U 3.1 74.36
1 .68 l "4.2~ 12 345.37 W9.99 .79 .9 -21. 22.47 97. 45 19.19 97.3I811 .48 11.64 4.61 3X.36 16.34 .23 .45 .72 6. 11 80. 73 1.38 54.14111 .11 2.~34 9.33 19.34 1.17 .0a ." .20 24.35 87.45 .46 2#. 931+11 32.36 172.60 163.32 .95 .94 -15 46.J3 98. 71 28,02 87.361+I*111i 24.48 115.12 119.13 .97 .95 .13 357. Of 9. 84 M4.OS 8V60

6 3.2157.56
1 1.1 £t 3.33 104.23 SUM.9 414.23 I's .82 Z34 8.86 WLtSi "I7 I 1M32&66it .22 10.42 42.90 09.73 58.94 .81 v6 ? 10.93 e.4.77 S.66 79.97111 .07 3.39 7.13 21.76 8.11 .67 .27 .33 181P U6.", 2,3? 67.271411 73.57 3it.46 236.38 M9 .94 .17 6i.5 soV 45.40 88,N41+11#11I 51.37 167..4 166.42 .98 .96 .12 287.68 PA '4t.82 99.61

7 0 2. 122:3.62
I .64 S7.21 146i.41, Mi.S 566s.64 .72 .79 .28 11.76 84.69 9.85 94. 711 .5 55 .27 i. 94 145.91t 60.88 .13 .42 .97 2.13 64.4O 1.10 47.77II .11 9.21 44.6 A 95.13 54.1i .83 .64 X1 11.8 85e. 18 5.88 $1.35Jel74.17 35. 27 31.76 .73 .86 .27 M523 86.24 11.25 84,Q1+1141II 64.04 23S.¶2 225.22 .95 .96 IS~ 127.19 89, SS 73.35 89.22
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, TALE 61. ZINC FPM ZINC SECONDARY-REFINING CINDERS ON NICHOLSON SOIL.
MT.PIEM . M9T,3(T1. CU?,.TUT. OA.T". g DISIT1jIN g COIFICIETSEXT. THIS UT. OWL&. tin. THIS TOTAL PEET. INCL SOIL SM OILYW. LAY13 "SL WG S/C U/c USC EM~t. OM". FACTO RATIO KG. RATIO DEG.

. 233 73.92 11.3 73.92 .97 .AT .O3 44. Wi1 33.11 98.271.73 .,9 2.33 .69 .29 .29 .71 44.49 98.71 .40 22.14. .7 1.73 .71 .41 .41 .? 75.50 8.24 .70 34.8I!39.A 40.45 3Y.N A9 9 .12 M.3 89.74 46.92 90.70141*26l 2.77 27.11 26.77 .99 .,1 753.5 89.92 80.31 89.29

.. 2.51 44.1. 2 129.94 125.4 .9s A Is 79.44 89.28 49.72 98.85.23 .-6 1.1 4.9" 2.5 .73 l .27 H13.41 39.49 3.71 74.84S .3 1.39t -. 41 2.3 .29 -. 61 .12 1.60 48.84 89.17 .26 14.731+11 Z3.97 4.97 63.71 A9 9 .11 65.97 6t,91 I87,1t 89.69i.1..11 15.5 13.31 42.42 .1 .9 .32 734.37 89.92 117.21 89-.51

3 v 11,35 62M1
.12 3.73 51.39 192.35 113.43 .94 A9 .14 69.29 89.1? 49.22 8884U .41 2.43 1.24 3.63 3.7% .33 .44 .6" 31.4298.19 1.51 4.5I .24 145 1.03 4.06 1.3 .41 X2 .5 52.34 88.91 .91 42.18"" 2.2 9.03 93.5v . 97 .04 19S.74 89.71 7S.34 89.2I23I.22 44.32 42.84 A A .9 1 2 592.46 89.90 129.61 89.56

4 4.41 76.9

1 3.323l 73.31 26-11 25.51 .95 .95 35 85.42 89.33 44.14 89.13U 1 1U 1.94 1. 94 12.9 5.71 So3 .44 .51 41.51 33.42 2.94 712Z

1 .24 5.73 76.44 345.37 W2.17 .93 .95 .17 71.57 89.19 57.43 89.33
II .J5 32.7 -176f 16.20 -'1.39 -3.3 -.63 4.3 2.7li 73.24 -. 5d-%4.tl .2 4. 5 13.34 2.59 17.42 U 1.6, .1 5 87.37 33 741t9

1+11 2,.79 17.41 157.39 .71 .91 .30 26.9 87.8 13.94 85.8724.2 23,U 115.1 1.163 .94 .97 ,I6 2S2.96 89.73 71.53 89.i9
S 3.23 174.54

S .24 5.74 133.93 512.93 442.97 .85 .9 .15 7. 5 7, ,0 97.43 87.151
I9 . 2 12.12 17.44 41.96 .- .49 .63 .54 .. 19 83.83 ,2 1.17I2 .13 4. 16.34 41.71 23.68 .51 .57 .51 16.25 9V.49 3.91 75.65

261 72.72 2752.4 233.61 .92 .,1 .38 62.74 89.9 38.35 80.4923.l.lll 50,53 167.Q4 161,3 .96 .96 394 19.11 993 89.02 89.28 i

-."9 2.72 144.89 712.55 617.97 .72 .82 28 I 2.34 87.54 13.72 84.67II .15 14,54 42.18 98.6 42.43 .74 ,9 .26 8.6 89.93 2.12 718III .15 14.54 ,.I 41.71 23.68 .II ,42 1.O7 6.77 86.64 1.63 8.441+11 94,54 353,17 .•623. .93 .92 .i7 65.28 89.12 44.71 88.72I+HIII 63.02 267.45 16 24.t6 .93 .95 .47 92.63 87.3a 4•.34 88.76

2 1 4 .21 2- .
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A tc: , . , the stack of the zinc secondary smelter produceda idgc . d. dpos,, C:F among the cinders. This sludge was quitesoiubl in• itr, , eld ' a Slightly acidic extract which, by the secondtrivr•s , i'iy, t0 fj 0 h soRme ions off the •oils and increase the conduc-
Sti vlty. (.T • 62 a Fid Fures 116 and 121.)

QA•LE 52. 7.",CH•AILITY OF SECONDARY ZINC SMELTER SLUDGE

,e,.nt £,rtial When Concentration Levels Off Total Weight Percentage-Conc. Conc. Extr. Extr.vol_ Equiv. Extracted Extracted
S (•iml) (Us/mi) Nr. (m!) Os (p.g/g waste)

Cd 116. 0.08 7 190 620 410. 75.
Pb 9.5 7.5 7 190 6.0 1,540. 2.2
NI 0.66 0.6 5 47 150 5.
Zn 605. 21. 7 190 620 11,600. 3.0

Measure- Initial Final Estim.Tot.Extr.Mont (y equiv/g)
Conduct. (• nho) 9,524. 148. 686.
pH 6.4 6.0

Cadmium

Cadmium was present in the first etract.m. 640 a vey he'r-at1on(116 ug/ml), but this Jecreased to a low level (0.34 ug/ml) by the fifth,xtraction, (Tables 62 to 65 and Figure 122.) Of Lhe cadmium present in thesludge. 75 percent (410 ug/g) was cissolved by the seven extractionr. Figures124 to 126 and the tabulated data show that all three soils began to yieldcsu-|iium either previously retained on the s3il or originally present in thesoil. Figure 123 shows that the cumulative fraction of Cadmium retained byeach sail Is very dependent upon soil-to-waste ratio. Chalmers was the bestof the three (Davidson was the poorest), but it also was steadily deteriora-t,•ri ii its ability to retain cadmium under the conditions produced by this
e.xtract.

The output of lead from this was-e was at a moderate level averaging 7.8ug/ml. 'ýith the six extractions totaling 190 milliliters of water per gramof waste, 1,540 micrograms of lead had been dissolved, which is 2.2 percentof the total present in the sludge. (Figure 127 and Tables 62, 66 to 68.)Figures 128 to 131 show that the retention of lead from this leachate was
very high for all three soils even at a 1:1 soil-to-waste ratio. The overallretention for the seven extractions was at least 96 percent for a l three

soils at a 3:1 soil-to-waste ratio. The concentration of lead in the seventh
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sail etract wa~s 0.12 ug/ml for Chalmers and 0.24 pg/mi for Davidson and

ihe concentrat ion of nickel In the lea,.hate was very low (0.66 vig/ml)
and Oropped steadily toM near the lower detectio~n limit by the fifth extract.
(Tah~les &Z, 69 to 73 and Figtire 132'.) A tctal of 5 micrograms of nickel was
ext)!cted per pram of waste, which IS 1.4 perc:ent qf that present. The per-
foYT-ance of the soils is displaye~d ii-* Figtyires 133 to 136. Davidson retained
the least nickel from; -ke solution: 27 pe,,ceri of the total challenge by the
fovrth extraction a-01 ttýe 3:1i so'l-t~owaste ratio; Chalmers anid Nicholson
re'lned 68 to 60 percer.,, respictively, under the sai:li conditions.

Zinc initially was present al, a ff~der'ate concentration (605 )Ag/mi) whiCh
dropped steadily to 21 u.g/ml by the seventh extraction. A total of 11,p600
Ug g tp dissolveOI, which is 3.0 peercent of the amount in th~e waste. (See

j F1,,ures 137 to 141 and~ Tables 62, 72 to 74.) Davidson soil Is also the 1laast
j eff~ctive In removing 'this element from the leachate '(50 percent) compared with

Chalmers and ?4ichelson which removed 77 and 82 percent, respectively, from
the cumulative challen~e ini seven extractions at a 3:1 soil-to-wasta ratio.
Figure 138 shows the important e-14fect of the ratio of soill to waste in the
retention of zinc from¶ this le'tchate.

The sludge fr-mi the zinc secondary-refining plant produced a leachate
with a very high initial cadm1iun concentration which then dropped to a low

leVl. The ol passe o ly ý ledela of this iet~ but bega n~ g u~
cadmium previously retained, indicating the possibility of poor perfo,,ivrlce
upon furthkz;' exposuree to this waste. Lead was retained very, well ýVy all
three soils and only low concentrations penetrated them, but the wd~t*
appeared to be a long-term source of lead: the concentration of leadi was
moderately high in the waste extract throughout the period of leaching, and
although only 2.2 percent of the lead was extracted during thesiu;. tests, the
waste Is about 6.8 percent lead. Nickel was present only in ver'y low con-
ceotrations an~d after passage through soil dropped below the detection limit.
The zinc salts were sufficiently soluble at first to give a solution of
iivderate zinc concentration, but it dropped to a 'low concen'traticrA ty -the
seve-nth extraction. Although only three percent of the zinc dissolv~ed in
this time, potentially leaving a long-term source (this waste was 38 p~rcent
zinc),,the concentration should ioe ver~y low unless influenced by external
factors, The soils further reduced the zinc concentration, with Niclwioson
and Chalmers soils retaining about 80 percent, and Davidson soil 50 percent.

of the cumulative challenge.
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TARLE 63. CADMIUM FRW ZINC SECONDARY-REFINIIG SLUDGE ON CHALMERS SOIL.

A "T.,•(Tl. WT.•T. CIM.T0T. AI1.TOT. FRACTION RETDM DISThIIUTION COEFFICIENTS
,-T.. TIS EXT. caL.c RETr. Wi1 TOTWT PENETI. X SOIL WU OILY

OR. IltT 16M UC UC LTA UIC/G EXTR. CWMU. FACTOR RATIO DEC, RATIO DEC.

1 53.64 1-673 114.43 231.79 14.43 .A4 .S4 A4 1.14b 49.33 1.16 49.21
11 W. R33.2 74.3 167.34 74.3 .0 .49 .31 2.24 65.91 2.22 4S.76
ILI 3.13 .36 .V7 33.33 27.7 .8A .11 .19 4.41 77.20 4.32 76.971+11 "l.; i1S." 99.23 .06 .86 .14 4.11 86.56 5.95 80,47

1*11.111 75.11 77.26 75,l .97 .97 .63 36473 86.44 36.12 98.41

2 3M 33.71 11.,13

1 V.72 as.17 17.95 332.92 142.32 .is .43 .82 1.72 59.86 1.71 59.71
U11 .1t 34,54 414.3 1".S4 W22A4 .58 .44 .42 3.57 74.33 3.55 74.27
Ill S.06 17.57 1.97 47.67 44.14 .49 .65 .Ai 2.53 68.47 2.51 6.24

I+1I 33.8 1".44 132.2 A44 .8t ,34 7.73 82.43 7.7382.57
I*U'sI 2.5 111.97 113.63 .83 .93 .17 17.94 84.79 17.59 84.75

3 1 S.0 34.13
I 5.3 31.2 2.: 34,., 145.2 .A .41 .92 4.47 7.1 4.45 ".37

SS.25 313.1 -.36 2W175 A i .55 1.11 3.91 75.61 3.81 7S.56
1.77 16.4 3.,91 99.31 64.94 .66 .45 ,34 6.17 61,84 6.12 81.73

1.1l 1.26 15.47 13.73 .17 .73 .93 8.S 83.33 8.49 13.29
I*leUl ,.11 122.32 ill.84 .69 .91 .31 31.78 98.21 31.35 88.17

4 3 1.47 i7.;l

1 2.37 21.4 -10.79 354.64 134.42 -. 61 .35 1.41 4.74 78.68 4.7 78.P
u 1.31 1S.74 12.73 56.23 135.6 A4 .54 AS5 9.41 83.37 8.S7 83.35
11 .71 8.46 7.27 115.14 72.22 .46 .63 S4 9.57 83.35 9.S1 93.31

1÷U .97 192.32 i34.X7 A ! .11 1 .11" 7, .o i7.i 0OO.6
ltIII 3.17 i28.21 113.91 .52 .89 .48 40.81 88.61 41.29 88.58

5 v .34 1.12
I . 19.15 -11. 392.76 I23.39 -1.36 .31 2.36 6.47 81.21 6.44 81.18

1I .46 14.33 43 269.31 IN39.94 .25 2 .75 9.82 94.19 9.7 64.16
in -. 4.14 6.24 129.44 81.46 .So .62 .42 13.36 95.72 13.29 95.69

I+I -3.69 194.3 131.66 -. 76 .67 1.76 18.55 86.91 18.41 86.89
l.11411I .09 136.92 U14.S9 .5 .88 ,A5 57.47 89.11 56.73 88."9

4 .22 1.42
I 1.26 41.4 -,A.18 463.19 73.21 -4.81 .18 S.8 1i.22 51.57 1.21 51.38

II 1.41 67.87 -7.27 329.90 132.66 -. 12 .41 1.12 1.96 62.99 1.9S 62.91
11 .35 12.12 55.75 197.3i 136.21 .82 .69 .ia t1.28 84.93 11.24 84.92

1*11 -28.72 21.59 112.94 -5.51 .51 6.51 3.16 71.92 3.13 71,.
WWII -. S7 134.46 114.13 -. 16 .85 1.16 28,61 88.11 28.22 fr7.97

0 Ul 7.27
K 1.11 164.44 -99.33 416.46 -26.17 -13.67 -. 16 M4,67 -. 24-13.S3 -.5-013.79

II 1.i1 9%.9% 9.71 436.43 142.36 .19 .33 .91 1.47 SS.83 1.47 S, 74
111 .3 79.51 17.4S 294.27 153.46 .18 .52 .82 1.94 62.72 1.93 62.64

PHII -44.84 215.23 58.19 -12.33 .29 13.33 1,22 50.63 1.21 50.15
I+II+III -24.18 i34.92 89,5 -9.93 .,6 16.93 3,45 73.84 3.39 73.58
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TABLE 64. CADNIUI1 FROM ZINC SECONDARY-REFINING SLUDGE ON DAVIDSON SOIL. "
Y.P.E..... TI. TJI.T . C1MJTT. HS • RMSTIiUTON COEFFICIENTS

ThT.IS EXT. --- LL. I. THIS TOTM. P~n, INliu S " 50t y OIS. LATE tC UM u"C/ tXC i/C UG/6 MI.- C)H.LL&. %4M~ RATIO DEC. RATIO DE;.

I 6.61 173.21 9l.58 231.79 58.56 .25 .225 .7S is5 0,11 .34 18.69U 5.6111.61 m. 21 173.21 72.21 .42 .42 so6 .73 36.11 .71 35.56.17 74.34 M.6 11.1 26.6U .26 ,26 .74 .39 2S.72 .36 19.73

2U 1.3 65.0 115.91 65.41 .56 -S& .44 1.3S 53.52 1.29 S2.3277.26 S,.49 .68 .66 .32 2.29 66.44 2.12 64.73

1 36.46 109.69 45.6 W.92 56.62 is6 1 1.68 .47 2S.1t4 .44 24.51U 1a57 1.1, -3.13 U2., 60.19 . 24 1.13 .63 32.97 .61 31.54lU 36.46 109.3 3.33 213.72 31.11 .13 .14 .97 29 16.4 .27 I5,341+11 -5.79 166.46 sg.aI -. t1 .36 1.11 1. 41 4?..?6 1.06 46.64K LI.UIU -2.75 116.97 49.73 -. 10 .45 1.18 1.48 S6.1t 1.3 53,75

1 S.67 34.03
1 9.14 S4.04 U,82 A66.MS 29.21 -,M .80 1.61 .$6 29,2 .53 28.141-- 14.5 Ol5 -31.00 WV.74 35.2 - .1i I.2 .41 22.46 .46 21.66III .M 99.9 -16.1 3U2.49 19.19 -. 12 .06 1.12 .21 11.64 .19 16.91I1 -V.31 1113.47 32.n3 4-.61 .13 2.61 .79 3.36 .73 35.9

1 4.11 .111 -27.89 i a.- P. S -1.93 .23 2.93 .97 44.10 .84 39.964 U 1.47 17.78
2.22 26.6 -4.97/ 384.64 231.24 -.51 ,05 1.51 ,81 39,12 .763'7.19

u 3.1 47.3? -21.21 364.41 14.4 -. 81 .04 1.80 . 17.93 .29 16.34
CC. -0,54 M. -5.j 4.54 -.31 .61 1.36 .10 S.49 .17 4.1612132 -15.19 19.• 17.14 -1.71 .19 2.71 .84 39.93 .72 3S.641.14.111 -14.91 212.21 12.94 -2.53 .11 3.53 ,83 39.73 62 31.80

. 3 -11.51 M32.76 1.72 1.42 .32 2.42 .S 27.39 .44 23.9Su! 1,.2.1, , 1 4.6 7..73 .12 1.31 .36 
19.83 .31 16,93

ll , 311.71 -12.97/ 376.11 -8.Q2 -,S8 -. 12 1,S0 l-,Al-I L9 -.22-t2.25 :
-4.5 196.38 8.29 -2.18 .64 3.18 .87 46.92 .64 32.71I÷*Il -10.22 138.92 2.72 -3.79 .12 4.78 .SS 29.67 .21 11.88

6 U .22 16.42

3 .3 18.13 -7.76 463.19 .06 -. 74 .01 1.74 .03 7.57 ,cs 3.6•4As . 26.18 -8.16 402.22 -. 14 -. 44 -. 11 1.44 .-5 2.86 -. e1 -. 31Ill .73 37.33 -11.15 432.36 -19.57 -.43 -. IS 1.43 -.49-25.9 -.4-27.67Iif -7.9 211.59 .41 -1.1 .11 2.51 .25 14.21 .03 O.861I1I.I .-. 97 134.44 -6.25 -2.58 -. IS 3.S8 -. 15 -8.68 -. 50-26.67

v 011 7.V71 .11 11.67 -3.39 411.46 -2.43 -. 47 -.0i 1.47 1.69 -S.2S -. 23-12.83II .17 16.16 -S..3 412.89 -i.47 -. S -. 11 1.56 -. 25-14.t2 -. 34-18.89ll .17 16.66 -. 11 418.36 -19.57 -. 11 -. IS 1.66 -1.13-48.56 -1.22-S0.74
-411 -4.36 215.23 -3.9S -1.26 -. 12 2.21 -,13 -7.49 -. 49-26.,29iell.lll -2.91 136.82 -9.•16 -1.20 -. 07 2.21 -. 9t-42.64 -1.72-59.79
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TABLE 65. CADMIUL FPROM ZINC SECONDARY-REFINING SLUDGE ON NICHOLSON SOIL.
MY-F MT ANTiET4, CUNTOT. JIrOT l RISTfIIjJTIW C&WFICIETSExt. -- TPS EXT. {a" Im. THIS TOTAL PEMT, INC. SOIL Sou ONLYI. LA•VI • bC/C wc / tC/G OXT. CMLL. FACTO RATI1 DEG. RATIO KG.

I 71.76 W -2 86.2V 23L.79 80.7 .33 .38 .62 .62 31.74 .62 31.59U N, " 79,3f .3 i43,S2 6363 .0 .44 .56 .81 38.75 .8 38.S4ul te.63 37.27 42.42 79.99 4262 M5 M5 .47 1. 16 49.1 1 .14 4.8.3X755." 115.9 75.95 .66 .66 .44 1.?3 62.57 1.9" 62.266I4IIl 64.14 77.26 64.94 .84 .94 .16 5.44 79.39 S.22 79.15

2 N 33.71 111.13
M 3R 111.51 -. 39,12 87.96 -. 39 .26 M.e 87 41.0S .87 414.9u 2P.• ts ,a. is ,.1.• 245.03 81.36 .17 .33 .3 .98 44.33 .97 44.16U! 2.8.91 62.72 21.316 163.67 U636 .25 .39 .75 t.92 45.46 1.6?2 4S. 43

Ii 0.4X 1".46 64.43 .17 . 01 .3 24 63.93 2.12 63.66
12.3•M 1 1. 77i.64 .To .70 .62 3.79 7S.21 3.71 74.93

3 ~ S.07 34.03
.,it S5,15 -21. 12 36695 1A.79 -. 42 .0 i.& 1 .22 •5.66 1.21 S5.4S11 L8.4 S1." 4.24 3.147V 35.40 .29 9. rc4 5.?9.41 1.68 59.26Ti 7,sa 454S S.76 214.57 69.44 .11 .Z2 189 i.5 5-.h1 1t.4 56.97

1-1 0.44 103.47 76.19 -. 9* .42 1, SO 3,0 71.7S 2.99 71.53i+143I -3.71 122.32 .3.94 -. 33 .61 1.33 5.11 78.72 4.91 78.Si

4 V 1.47 07.9.
I 2V0 24.24 -I.S4 384.64 64.23 -. 37 .16 t.37 2.51 68.24 2.48 68.C823 2.17 26.6 -1.82 324.41 03.78 -. 6a .2b 1.48 3.23 72.82 3.22 72.72

GM! ,2M .9. ,IT 3 .9 75.1 2 ,78 77-,161411 -4.13 is M.32 72.l1 -. 47 .37 1,47 33M 70.8 S.53 79M74-,li .77 128.21 73.17 -. 03 S57 1.13 0 i.21 84.91 18.98 84,79

S . .34 0.2
.9i 21.94 -13.82 3M2.76 46.41 -1.70 .12 2.76 2.14 64.94 2.12 64.70U .76 19.-3 3.4 346.35 8.4? .17 .2S 083 4.90 78.24 4.78 78.18III .94 22-.S4 -4.24 258.93 71.26 -.23 .28 1.23 3.18 72.56 3.16 72.441+11 -5. ? 196.3 66, ?2 -1.25 .34 2.25 7.42 82.33 7.31 82.21tIIElll -4.81 138.92 68.36 -1. It .52 2.78 9.31 83.86 9.10 83.73

6 M .22 It1cw4
I , 17 17.,4 -7.s5 413,19 38.,? -.72 10 1.72 2.21 65.52 2.17 65.24II S6 26, -0.73 36.29 78,-0 -. 49 .22 1.49 2.97 71.39 2.95 71.28Ill .48 .12 3.39 M.6 74.45 .13 .26 .87 3.23 72.79 3.21 72.69

211-59 5.79 -1.S6 .0 2.56 4.49 77,43 4.41 77.22I-4I.26I U %.4.49 M.0I -1.23 .48 2.23 8.45 83.25 8.26 83.11

"".18 1•4.77.7C 411.4k 29,21 -1.33 .07 2.33 1.7S 61.26 1,72 5•984II .2 2.76 -6. ig 381. 25 71.90 -. 41 .01 1.41 3.15 71.84 3. 3 71 72I2I , J •.6 .7 0 309.3A 74.45 ,M6 .24 1.01 3.16 72.46 3.14 72.35Ii -'.24 2Q5.23 S1,55 -2.27 .25 3.27 4.34 77.13 4.26 76.78ll IU -5.49 036.U ,SM9 -2.27 :43 3.27 7.59 82.49 7.40 82.38

230



JJG/G JG/G

EXTR,ý,4 EX TR~
5 0.6

EXTRb EXTR.&

EXTR~2

1 1

FIGURE'126. WEIGHT OF CADMIUM FROM ZINC SECONDARY-REFINING SLUDGE ON
NICHOLSON SOIL.
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TABLE 66. LEAD FROM ZINC SECONDARY-REFINING SLUDGE ON CHALMERS SOIL.
AT.PETR. ANT.RETD. CuN.TOT, CU.TOT. FRACTION RETD. DISTRIBUTION COEFFICIENTS

EXT, - -- THIS EXT, CHMLLC. RETD. THIS TOTAL PENETR, INCl SOIL COLN ONLYt, LAYER UG/hL UC/C Ut/G UG/C U/C EXTI. CM•.LG. FACTOR RATIO DEG. RATIO DECI w 9.47 18.94

1 .73 1.46 17.48 18.94 17.48 .92 .92 .08 79.38 89.28 i,96 5.22lI 1,47 2.95 -1.49 1.46 -1.49 -1.02 -1.52 2,02 32.91 98.26 -. 50-26.77
Il ,71 t.41 1.54 2.9S 1.54 .52 .S2 .48 71.M4 89.19 1.16 47.64I÷1I 7.9" 9.47 7.99 .84 .84 .16 139.14 89.59 5.42 79.55I+II+III 5.94 6.31 S.84 .93 .93 .17 642.84 89.91 12.47 85.41

2 V 7.56 22.69
1 . , 2.56 23.13 41.62 37.61 .89 .9 1t1 3.26 88.92 14.72 4.1

.35 1.34 1.52 4.02 .3 .A9 .11 .41 94.95 89.46 .03 1.65II .89 2.66 -1.62 3.99 -. 18 -i.56 -. 02 2.56 37.14 98.45 -. 13 -1.671+11 16.82 20.81 18.82 .95 .91 , 415.95 99.86 36,27 88.42I+II+lll 6.68 13.97 i2.52 .88 .91 .12 347.72 89.84 14.13 95.95

3 U 6.39 38.33
.64 3.87 34.46 79.95 72.17 .91 .90 .1 44.16 08.76 18.63 86.93II .29 1.75 2.12 7.86 2.15 S5 .27 .45 57.51 89.06 1.23 50.82IIl .53 3.21 -i.45 5.74 -i.52 -.83 -. 27 1.83 31.34 88.11 -. 48-25.491+II 18.29 39.98 37.11 A95 .93 .A5 267.55 89.79 42.41 88.65I.IIII11.71 26.64 24.23 .92 .91 .18 386.16 89.91 22.74 87.48

4 V 4.86 S8..S

.21 2.36 55.9 138.31 128.15 .96 .93 .04 95.91 89.41 S54iS 88.94II ,5 7,11 -4.64 10.25 -2.49 -1.96 -. 24 2.96 13.71 85.83 -.36-19.59IIl .16 1.93 5.08 12.74 3.56 .73 01 .- 0 1.6! of2. 1.2 ,01+11 25.67 69.15 62.79 .88 .91 .12 74.17 89.23 17,92 86.81I+I+I11 19.81 464.1 43.04 .97 .93 .13 527.46 89.89 67.05 8M.I5
5 W 9.17 221.1t3

I .26 6.24 213.79 35.32 341.83 .97 .9s .03 70.57 89.19 54.8 88.95II .1i 2.48 3.84 16.49 1.35 .62 Il8 .38 41.30 80.62 .S6 29.31III .74 17.77 -15.37 i5.14 -11.81 -6.40 -. 78 7.41 4.88 78.42 -. 66-33.62I+II 108.81 179.16 171.59 .9 .96 .I1 317.16 89,81 142.99 89.68l+lIll+ 67.42 U19.44 i16.44 .92 .92 .08 68.S4 99.16 18.65 86.93

6 w 9.56 458.74
.67 32.23 426.51 817.16 768.35 .93 .94 .07 26.96 87.87 23.84 67.61

II .SI £..,6 8.17 48.71 9.S2 .25 .20 .7S 4.49 77,4S .40 21.59Ill .23 I1.12 12.94 39.21 1.12 .54 .03 .46 8.96 83.65 .10 S.761+11 21?.34 418.53 388.93 .9A .9S .A5 48,72 88.82 32.34 88.231+11+111 149.21 272.35 259.66 .98 .93 .12 149.78 89.62 70.86 89.18
7 0 7.51 7216.80

1 .57 54.84 66•.9S t137.86 1434.38 .92 .93 .08 27.9S 87.95 26.15 87.81II .17 15.97 38,8 1l3.56 48.50 .71 .47 .29 9.27 83.84 3.06 71.88
III .12 11.59 4.27 55.06 5.40 .27 .1O .73 8.96 83.63 .47 24.97

3+IS 352.47 768.93 74t.40 .98 .96 .02 108,30 89.52 93.46 09.391+1WIIII 236.41 512.62 496.06 .98 .97 .02 204.88 89.72 128.40 89.55
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TABLE 67. LEAD FROM ZINC SECONDARY-REFINING SLUDCE ON DAVIDSON SOIL.
ANT.,K . MIT.RET, C.TOT. CUM.TOT. FRACTION REMD. DISTRIBUTION COEFFICIENTSEXT. - ~ THIS EXT. D~.L. RMI. THIS TOTAL PENETR. INCL SOIL SouLAO.ii LVER M WiU/I G //6 UG/G MER. C)W.L. FACTOR RATIO DEC. RATIO DE.

l .4 1.33 17.41 16.94 17.61 .93 .93 .17 129.29 99.5S 13.27 8S.69U .62 1.25 . 1.33 .1 .66 A .6 .94 123.72 89.54 .7 3.77I 14 1.17 2.34 -1.19 1.25 -1.19 -. 88 -. 88 1.88 65.4S 89.12 -. 47-25,131.111 38.5 9.47 8.85 .93 .93 .6 566.83 89.89 14.21 85.971.11.111 5oS3 6.31 S.53 .86 .88 .12 616.34 89.91 7.11 81.99

2 V 7.16 22.69
I .2 1.55 21,13 41.62 38.74 .93 .93 .67 124.13 89.54 24.93 87.71II S .4 .1 2.88 X6 .11 .63 .99 99.83 89.43 U6 3.43II 15 4.65 -3.11 2.79 -4.21 -2.11 -1.51 3.1 32.19 88922 -. 91-42.17
1*1 1.57 21.81 19.42 .93 .93 .67 424,24 89.84 25.14 97.72.II1IUI 4.61 13.67 11.54 .79 .83 .21 365.28 89.81 7.44 82.35

3 U 4.39 31.33
I 116 .U 37.73 79.95 74.47 .99 .96 .62 384.11t 89.a 12M.45 89. 55U .65 3.93 -3.3z 3.46 -3.24 -5SS -.93 6.55 38.37 88. S1 -.92-39.48Ut .37 2.2 1.71 4.72 -2.49 .43 -.37 .57 68.24869.16 -1.12-46.311.11 17.26 39.98 36.62 .96 .92 .11 175.41 89.67 M8.64 ,6.9314+11Ul 12.14 26.45 239 .94 98 66 65.11 89.91 31.86 98.21

4 V 4.16 S1.35
1 .42 S.3 H 53.27 130.3 129.74 .91 .9 .69 S5.89 86.99 2556b 37.76U .21 2.36 2.71 3.56 -.52 .53 -.66 .47 64.93 9T. 12 .22-J2.51I.l ,72 •M -6.23 9.6 -.73 -2.4 -. 3.6. .OL

-i 7 -.. . 1 -, , jo o "i.ii-45,42
27.99 69.15 64.61 .96 ,93 .64 315.25 89.82 54.66 88.95I+1I+IUI 14.56 46411 41.16 .85 .87 IS 175.21 89.67 14.11 85.92

S v 9.17 221.13
I .45 16.75 269.28 353.32 339.2 A95 .95 .65 45.87 88.75 3i.54 88.18U1 .35 8.36 2.39 19.31 1.86 .22 .16 .78 19.64 86.93 .22 12.54III .52 12.31 -4.12 17.45 -12.74 -. 48 -. 73 1.48 11.41 84.99 -1.83-45S,34.11 165.83 179.16 17l.44 .96 ,95 .14 114.41 89.51 40.76 88.5?I*II.ZU 69.22 119.44 169.38 .94 .92 .66 138.46 89.59 26.S1 877.4
& 9-S.•458.74
1 1.51 7571 383.14 817.16 722.65 .83 .88 .17 11.57 8S.06 9.54 84.61II .35 16.A 59.14 95.61 616.9 .78 .64 .22 12.-9 85.57 3.65 74.70III .23 11,11 5.76 34.11 -6.98 .35 -. 20 .65 13.46 85.76 -.64-32.631IIl 2214 408.53 391.48 ,96 .96 .14 83.95 89.32 46.99 86.78+1+llI 14.23 272.35 258.66 .98 ,A .12 1t9.25 89.71 71.15 89,19

S7.5 72 1.06 1.6
.72 68A 51.84 t537.86 1373.89 .96 .89 .t1 22,i6 87.4? 19.92 87.t3

II 53 51.92 18.13 163.97 78.73 .26 ,48 .74 4-,7 77.67 1,5" S7-17
[II .24 22 4S 28.27 65.13 21.29 .fi -2S .44 7.74 82.64 .94 43.22I+II 334.94 768.93 726.41 .93 .94 .07 40.63 98859 28.53 87,9iIII 232.71 512.62 491.37 37 .96 .03 126.26 89.55 6S.18 89.12
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p
"TA•LE 68. LEAD FROM ZINC SECONDARY-REFINING SLUDGE ON NICHOLSON SOIL.

AT.EeMTR. MIT.TI CN.TIT. CW.TOT. Rg. DISTRIITI(I COE'FICIENTS
EXT. - THIS EXT. CH•ALL. MRT1. MiS TMTAL PENETI. INQ. SOIL SOLU ONLY
01. LATER UG/IL MG/C W6 0/ U"/1 EXTII. CHA.LG. FACTOR RATIO DEC. RATIO DEC.

I v 9.47 1f.94
I 1.45 3.36 15.64 13.94 is.64 .83 .83 .X7 34.91 88.36 4.74 78.18

1 23.3 5.47 -2.16 3.31 -2.16 -. 66 -. 66 1.66 17.83 36.79 -.4-21.64
u1 1.4 2.9 2.57 S.47 2.57 .47 .47 .3 3S.29 66.38 .89 41.6-

14,11 6.74 9.47 6.74 .71 .71 .29 75.36 BV.24 2,47 67.92
1UII11l 5.35 6.31 5.3 .5 .85 . 15 315.18 89.82 S.54 79.77

I 2 v 7.56i 2.69
1 .49 1.47 21.21 Ai.62 .5 .94 .89 .16 92.6S ?. M 25.32 87.71

II A. 2.42 -.95 4.7.7 -3.11 -. iS -. iS 1,6S 39.81 68.56 -1,2-52.11
111 2.31 6.92 -4.9 7.39 -1.93 -1.64 -. 24 2.84 14.if4 P.94 -.29-0.58

1+11 16.13 0.81 14.87 .09 .81 .11 178.38 U .4 13.92 85.6 9
1011+111 S.2 13.67 101,6 .0, .76 .31 134.64 0,5 4.59 77.72

3 1 6. v39 .33
1 .53 3.26 X~.Q 79.95 71.97 .92 .96 .18 53.5 69 .93 22.48 97,4S

U1 .79 4.77 -1.57 7.98 -4.68 -.49 -.59 1.49 19.11 97;13 -94.47
U .51 3.14 1.61 t2.66 -. 24 35 -. 12 .65 32.27 89.23 -.18 -4.51

1+11 14.73 37M9 33.65 .118 .34 .12 97.78 69.41 14.12 85.95
S11.7s 26.65 3S .92 .94 .C8 312.92 89.92 21.78 7.37

44,,66 3.35
I .4 7.17 51.11 138.31 123.15 .88 . 19 ,1.2 31.17 88.16 7.I8 86.67

II .61 7.36 -. 13 I5.15 -4.81 -. 62 -. 32 1.12 12."9 85.61 -.66-W .38

111 .22 2.66 4.43 M9.9 4.39 ILI ;2 .37 7038R.7 M I? iS'SG.76
IS13 2.S 69.15 59.17 .87 .84 .13 75.79 89.19 16.21 16.47

IfII.11I 18.5 46.11 46.91 .A .9 .65 382.49 899, 85 166 88.76

5 v 9.17 221.13
I .7 1181.48 211.43 359.32 324.56 .92 .91 .t6 22.81 97.49 7.45 86.72

II .7 6.43 12.12 33.75 7.31 .65 o22 .X W6,S 86.3 1.13 48.44
111 .43 11.93 -3.75 2A P. .64 -. So .12 1.58 9,81 84.17 .16 3.66

1+1 114.77 17. .16 165.94 .97 .93 .13 U12.73 89.49 S1,2 88.88
I÷II€III 69.93 119.44 116.84 .95 .93 J5 121,14 89.52 32.St 88.24

6 M 9.56 458.74
I .5 24.3 4U4.61 917.16 759.8 .WS .93 .I5 35.59 88.39 3i.46 88.18

II .67 32.14 -6.11 57.86 -. 71 -. 33 -. 0I 1.33 3.08 72.06 -02 -1.25S
III .15 7.44 24.71 58.56 2S.35 .77 .43 .23 16.86 96,59 3.41 73,6S
MI+I 213.31 412.53 379.24 .93 .93 .17 35.99 88.41 ?3.64 87,57

1+114+11 156.43 272.35 2W1.28 .98 .9 0 62 225.92 89.75 1l5.9 89.46

Im 7.51 721,48
1 .54 SI.7S 6M9.05 1537.86 1428.23 .93 .93 .07 29.52 88.06 27.60 87.92

II .30 28.48 .23.27 119.63 22.57 .45 .21 .SS 4.29 76.88 .79 38.39
111 .24 22.87 5.bt 87.16 36.96 .20 .36 .86 S.7 81.06 1.35 53,54

+iii 346.16 768.93 725.41 .96 .94 614 64.93 89.12 56.94 88.88
I÷IIII 232.64 S12.62 493.92 .97 .96 .03 103,96 89.45 64.78 89.2
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FIGURE 133. COMPARING FRACTION NICKEL RETAINED BY SOILS FROM ZINC SECONDARY-
REFINING SLUDGE LEACHATE.
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ITABLE 69. NICKEL FIROM ZINC SECONDARY-REFINING SLUOGE ON CIALJMERS SOIL.$i
•,, mN,.PGW. ANTATI. CWn.TOT. CM.10T. F£ WI M& DIS,•UIN I~r"BFCM0r

M8-----I EXT, OMLULS . TNI TOTAL WTI, I SOIL ONLY
?A 1A* y VfL Ua,/ U" " Ur/G EM. D . FAC• V RTIO DG. RATIO G.

1 U .66 1.32
I .a .X4 .76 t.32 .76 .47 S7. .44 44.83 88.72 1.34 U.S2

ii .14a 20 .0 .3 .21 A .So .5 V,1 P.3. 1.1$ 45.11
III .3 .24 ,12 .28 ,53 .46 .46 S4 U162. 9.44 .387 44.17
IU .,2 1.1 .2 .79 .79 .21 3S4 .25 .84 3.64 74.79

t+114I .39 .44 ,3V .09 .89 .4 L469.1.2 9.94 7.73 82.63

.2 V .31.34 1
1 .21 .4 .36 3.32 1.412 .44 . 47 .4 45.42 38.7 2O.76 63.29

II .57 .3 . 1.3 .54 .43 .4 .V 491,8 69.11 1.53 S6.79
111 .N .4 a As .1 .33 .31 .67 . 15253 89.44 1.14 46.2 7

1+11 .32 1.49 10. .4 .472 .36 275.74 IN9.79 , 75. 7.76
.1..U'I1 ,2 1.1 .5 .576 .83 .24 42. 89.9" 5.9 792.84

I V .:8 3.53 1.21 . ,47 4 5 4 4.52 66.74 2.79 71.29
II .39 1 # .. 1 .74 .17 .34 .4 44.32 f. 6I 1i.87 54.71
III A.$5 ,46 -. 6 1.45 .19 -. IS A i. s 1.33 4 8.91 .4 122.89

1+ 1 ,33 1.09 1.7 .63 .69 .37 25S.76 89.78 S.95 81.461+11+1,1 ,21 i.1 .3 . S7 .75 .4,3 492.71 89.98 S.5879.,4

II,•.1 .7 8 1.51 1.3 3 .47 V 6A .53 376.43 89.44 52.8 79.87

S U ,A 1.33
SI (.IS( 1.21

(.5C( 1.21
III ?J.S (1.21

The remainder of the table
was not calculated because

6 0 (,AS (2.42 of the prevalence of values
I (t. (2.42 below the detection limit.

II (. S, (2.42
III (.IS (2.42

7 V (.61 t(4.05
1 (.1 5 0.95

11 (.JS (4.8S
II (Js (4.85
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TRLP ' 70. NICKEL FROM ZINC SECmONARY-REFINING SLUDGE ON DAVIDSON SOM.

184 EXT. DWL. MDTh. THIS TOTAL PEWETO, INCJ $IL RiA IX)MY~~~~.~W L*f DMLUW ~~ X~ 8LLG. FACTG1 RATIO DEG. RA~io DEc.

.6 8 41.31. 12 13 1 9 .69.6 t 11
U .35 .1 4 1.20 .49 .41 .41 .59 2231 87.51 .7* X499111 .22 .43 .27 .71 .27 X3 .39 .61 36.79 88.44 .63 32.13sU31.64 .31 .47 .47 .53 89.70189.36 JP 41,1"* +*U4t11 .30 .44 .38 .67 .67 .33 327.40 89.92 2.35 P.9

1 .31 .$2z .63 2.32 .20 .89 .08 092 17.23186.67 -21 12,63
11 .2 ..I In9 2.13 457 A.8 17 .92 I.19.8 97.32 167 33.93
11 .26 .77 -to 1.54 .35 .69 .22 .91 20.7 97.24 .4S 24.27

141.3 1.14 .38 i1s .33 .VS 74.93 89.24 V.~ 14.
I111.9.77 r,7 .23 .48 .77 184.32 "9. 67 . SS.13

3 M .18 1.04
I .15 M9 .15 3.38 .35 .14 .19 .86 17.66 36,7 .112 23.r7u .14 pill A1 314 .611 .0 .21 .93 19 .2 87.3 .74 U, 6SIII .19 i H- -,27 2.44 .18 -. & .03 1. -a 14.67 65.94 .17 3.67

3tK.1 1.69 .49 .2N .27 .88 75.18 St. 24 1 ýtS 4-9. 11
IfU-.12 1.13 .35 -.14 .31, 1.016 i269" M53 .94 43.27

4 -if 1.15s
.67 As5 .30 4.53 .65 .26 .14 .74 19.27 97.03 .77 37.S?

.1 l .6 3A X2 -.43 .07 1.43 13.17 S5.66 .22 0.,45
iball .0"3 fi 2 .2 .9 .8 1626.4 3 Sil

iI1I.66 1.51 .41 .13 .27 .34 147.011 319,61 1.Zj3 Si.92

41.33
SMI ,S4 .43 -1 ,7 53 -.09 .9 1.,9 it.1M 8418a .3 i3I s (1.21 .24 S.34 .51 .S0 .18 .83 13.Z37 B5.7 .72 Q .M2

Ill .16 1.45 -.24 4.83 .09 -.2e .02 1.23 M0.8 84.73 is5 2M.

2191 S21 .196 ,o .91 ,S2,674, i8.9 664 , +,4

i.II'14l ,O4 1.94 .37 -.19 .19 1.07 97.t4 89.41 Xr0 5,

4 (As (2.42

(.15 (2.42

( .15 4.2 5

In - as 4.8s

t4.I.III244
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TABLE 71. NICKEL FROM ZINC SECONDARY-REFINING SLUDGE ON NICHOLSON SOIL.
TTIP•EET!. ANT.RETD. CUITOT. CUNlTOT. FRACTION REID. DISTRIBUTION COEFFICIENTSEXT. - THIS EXT. ONL. RETI. THIS TOTAL PEMETR. INCL SOIL S(W.M OILYAR, LAYM " Ug/g UG/C UG/c UG/G EXT,. CWLLG, FACTOR RATIO DEC. RATIO DEG.

1 i6 .6 t ,32 •
1 .41 .80 .53 1.32 .53 .40 .40 .66 31.24 88.17 .66 33.35

U .21 .41 .39 . 39 .49 .49 .St 61.37 89.17 .97 44.27
II .7 .33 .17 .40 ,67 .18 .18 B92 73.42 89.22 .21 11.98 I

P+H1 .46 .66 .46 ,69 .69 .31 243.86 89.77 2.28 66.27I¢II+I .33 .44 .33 .7S .?S .25 661.84 89.91 2.97 71.39

2 .33 1.61
I 5 °76 .24 2.32 .77 .24 .33 .76 33.22 88.28 1.11 45.38

..17 .'5 .26 1.56 .65 .34 .42 .66 51.11 88.86 1.31 S2.S56II .,13 .39 411 .90 .18 21 .21 .79 62.39 89.18 45 24,17
1.1÷I .25 1.16 .71 .51 .61 -SO 98.16 89.71 2.84 70.59

.21 .77 S3 .61 .69 .39 S61. 5 89,91 4.65 76.13

3 .18 1.16
I .12 .76 .36 3.38 1.13 .34 .33 ,66 36.64 88.44 1.62 S8.36
S .11 .64 .16 2.25 .71 .39 .32 .91 39.47 88.55 1.12 48.22

III .17 .42 .21 1.54 .39 .33 .2S .67 58.44 89.612 .92 42.511+11 .21 1.69 .92 .41 ,54 ,61 156.28 89,63 2.93 70.96
.*+II1ll ,21 4.,3 .74 .60 .66 .40 522.94 89.89 5.26 79.24

SV .11 1.15
"I1 .79 .36 4.S3 1.49 .32 .33 .68 32.87 88.26 t.91 62.21"(.Is (.61 .18 3.64 .89 .23 .29 .77 41.74 88.63 1,48 SS,86

.! .. .VP A.L A,1$ .39 -ri. ,LS i10- 37.11 88.46 .40 26.22-,11 •27 2.2V 1.19 .47 .53 .53 165.10 89.65 3.94 75.76
1I+IIl .i6 1.s1 .91 .42 .60 .58 333.st 89.83 4.18 76,21 I

F .i6 1.33
.16 1.33 .56 57 1.49 .00 .2S 1.00 19.42 87.65 t.12 48.27

I .,16 1.33 .66 4.V .89 .60 .20 1.03 18.M7 86,98 .67 33.8r
III (.I5( 1.21 .12 3.46 .4S .19 .13 .9 2•0.50 87.21 ,37 20.35

.+II ,3 2.93 1.1?1 .41 M .&i• 75.10 899,2A 1.79 6083I+1I+III .14 1,96 .95 .69 .d 19J 183.53 89.6? 2.34 66.8P

6 (.•5( 2.42
1 .45 < 2.42(,.IS( 2.42

Il :.4S ( 2.42

7 W (,IS( 4.85
(.15e 4.8S

I."' (.IS( 4.35
MI+
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TABLE 72. ZINC FROM ZINC SECONDARY-REFINING SLUDGE ON CHALMERS SOIL.
AJ'.T,PCTU~W. A DT.RErh. cwmTor, UJTOT. FRACTION RED. DISTRIUTION COEFFICENTSEX.;-~ TNIS EXT. C0NLLC. IMl. THIS TOTAL PENETI. INCI SOIL SOIN ONLYLN- WC UG/G ./. .. G EXTUM ,. FACTOR RATIO DE. RATIO DE,

1 2-.3• 571.65 6n.33 tW.9 639.33 53 .53 .47 1.23 5386 1.1 2 48.251 S1.71 103. 467.23 573.45 447.23 .82 .92 .18 5.12 78.94 4.S2 77.5211 7.27 14.54 86.58 113.42 98.98 .86 .86 .14 11.3694.49 6.1118.71""., 153.32 W04.99 53.2 .91 .91 19 13.1 19.63 ilT.7 84.661411+I[1 3V8.48 403.33 398.48 .1 .9 .11 121.44 V.-2. 82,19 89.31
2 v 31t.k 97.4 aI M.39 S74.0 30.31 2147.46 12.63 .40 .47 .61 1.89 62.13 1.78 60.691. S4.74 1644.2 419A 1144.3 77.1 .71 .77 .29 5.72 81018 5.34 79.41II 14.24 42.72 121.51 26.65 216.36 .74 .79 .26 4. 37 91.318 4.92 79.521.11 396,3 1003.73 94W.91 .98 7 13.37 85.63 ii.57 8S.061.U*Ui 344,92 722.49 713.40 A .97 .14 62.41899.18 49.39 38.84

I 63-X W-0 691.93 3241.06 1713.5 .64 .S3 .36 4.64 77.84 4.48 77.41II 43.31 20.8 122.41 IW.52 999.61 .32 .65 .6 4.18 76.22 3.94 75.41
KU 60 .6211.81 527.93 422.18 .91 .80 .19 9.98 984.29 8.71. 93.4S114167 146•.S4 135•.5 .76 .64 .24 1.37 94.9 10.42 84.52

k 4IKI341.71 106.36 1045.11 .95 .97 .19 76.15 99.25 44.67 89.11

Sl 0,:.4 8, .30 4749.84 2.,1.8. .59 M 5A .41 4,37 77., 4,27 76.82
S 16.41 194.9 4144.9 213.11 1414.13 .68 .66 .,2 7.49 82.40 7.18 82.87

inl ch . 27. t29:A9 "&.#A9! aL L l 7.12837
1+11 65.90 2374.92 212.49 ,87 ,95 .13 21.69 7.36 21.44 87.211+11i.l 480.59 153.28 1525.61 .96 .96 .14 76.31 89.25 68.04 89.16

v 40:4440.70
1 17.37 416.93 1023.79 6191.S4 363.64 .71 .59 .29 9.87 83.56 8.72 93.4611 7.43 164.2 232.71 255.91 1446.91 .56 .64 .44 9.27 93.8 8.94 83.62131 2.4.1638.72 -45.50 909.16f 97.36 -2.47 .11 3,47 .25 13.9 .15 i 8.67

1#11 628.24 3095.27 2440.72 .87 A9 .13 30.01 88.19 28.67 88.081+U+11 47.33 23.51 1792.94 ,h .87 .44 9.29 63.86 8.42 83.236 V 6U92.01,3

1 38:9889 1455. 13 9514.5S7 5189.76 .44 S53 .56 2.76 70.06 2.72 69.84II 31.3*S042.8 366.32 4424.91 232.83 .23 4 .80 1.38 54.08 1.34 53.25i11 2.83 13•574 1347.14 2411.98 1464.5 .91 .61 .09 11.24 84392 10.79 84.70I+II 913.56 4757.29 35Si31 . .7S .45 4.9 78.44 4.73 78.05I+IIl* l il62.76 3171.52 2•5.71 .96 .96 .14 67.21 99.15 63.1t 89.09

7 v 21.4*155SSK 36.: 19.5 -146C I11576.13 M .67 -.71 .31 1.71 1.3S 46.33 1,03 4S.8SII V7.1617.92 9g1' .73 7944.46 914.6 .26 .37 .74 i.14 48.67 .1i .48.Y
Ul 1 S-2959.93 5029.90 2424.46 .37 .48 .63 1.50 56.31 1.46 55.631+11 -28119-t 57M.106 3278,.11 -.27 X5 1.27 2.59 68.91 2.50 68.18l+tI+ll 132.5± 3856.71 29688.21 .0 .77 .81 S,74 80.12 5.41 79.52
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TABLE 73. ZINC FROM ZINC SFCONDARY-REFINING SLUDGE ON DAVIDSON SOIL.

A~ff-PONET. ANTAE.RE WHIM.O7 MT~mO. T JLfREIL.

E•XT4  N T IS Efl. CLI.C. ONTT. T, IS T7AL MENk. I TCL SOIL SOLIN ETY
Nt LAYER U~flt wGc %4/ a/c WI EXTR. C)WLL. FXTOE RATIO DE~G. RATIO DG,

I 9I.7*I57.44 S2.SZ f~.3 - YE .04 .14 1%6 .19 5.3 IS~ 2,
11 211,4$ 40.19 734,•.V7 . ..- 7i.i. V .63 .63 .37 I,87 61.9 1.74 61.94
Lu 112.17 234.34 18655s 4210± fhg .44 44 .56 1.612 4S. 66 .79 38.33

1+1 .4 6t .`1 37,4 .3S 2.38 67.20 1.96 6i.73
1+11*LU 324.55 443.33 V.4.S• S le6 .1 .21 6.21 81.86 4.12 76.36

1 3D~.7 W6I.N -31.92 2Aý7.46 21.7# 1.3 .01 1.313 .18 4.38 .12 L.21
-l31.•. 2!4..75 412.46 -.13 .28 1.13 IS9 38.39 54 29.25

111 174, 2 596.91f 15,44.29 783.76 .53 .5s .47 1.66 58.66 i.bl 56.22
1+I' -f1.8t 1313.73 £11.58 -.17 .29 1.17 .7S 36.95 .Sf 29.07

P+U*;Il 144.43 722.49 468.9 .45 A6S ,5 3.63 74.59 2.68 6P.57

I .167.4- -9.46.e 180.3s .16 .06 .84 .27 '5.04 .21 1.7
it 211. .94 -?".n97 302.73, 112.4 -.33 .i 13 .31 1.1 .2S 18
III I2.82 .8 469.85 27.23 1192.91 .34 .43 .66 i.57 57.44 1.51 56.25

Itl -M6.16 1421.54 245.42 -.12 I1 1.2 .59 31.52 .4A 22.15
III+III 92.24 1018.36 561.22 .26 52 .74 2.73 69.91 2.116 4.67

4 '5 S504.76
I 111.8 420 146,47 4749.54 354.92 ,11 .17 .89 .31 16.98 .26 1481

11 9 4 3.16.2 19,77 4M.512 461.27 0.i .11 IV .46 24.74 .41 22.47
III 1....2.. -... ,6 391 .75 1 .1 -, 4 .29 i.4 .M3 44.79 .9S 43.44
i4 172.62 2374.92 41. 14 .23 18 .77 .91 42.23 .72 35.71

".5II1II 99,53 I153.28 661.75 .21 .42 .81 2.6S 63.96 1.64 8.66

S 6 66. 446.10
I 5. .63 185.6 619154 5o.91 .A3 .19 IV .47 25.35 .43 23.27

11 J. M•.1 -8.48 56.4s M.79 -. 17 .87 1.37 .33 18.43 .2, 16.29
I 53.t .2 49.69 S&,.6 11,95.84 .14 .23 .1 .97 44.12 .92 42.73

1+11*111 46.76 6163.S1 7M9.51 .1 .34 AO 2.63 63.74 1.64 58.76

6 69. '4.13
1 29. 40,.28 1913.7s ,M14.57 24U,.64 .Is .26 .42 1.78 60.66 1.74 60,11
S 4.3 . -97M.51 7160.93 -579.72 -.69 -.08 1.69 -.22-12.42 -.24-10.67

1II 17.73 851.82 i531.97 764.65 2727.91 .64 .36 .36 3.27 73.01 3.21 72.68
1+11 471.62 457,29 936,96 .28 .21 .72 .88 41.31 .7? 38.18

1+II1l1I 824.41 3171.S2 i533.9t .74 .48 .26 S.99 81. 2 5.41 79.52

21.4I 55.55
1 2,:4. .43 -291.88 11571.13 2162.76 -.14 .19 1. L .?S 43.39 .92 42.67

11 22. WM.S 203.62 ?407.36 -376,16 .19 -.64 .91 -. IS -8.52 -.18 -9.96
111 9.64 667.7 127S. 2 9783.47 4062.83 .66 .41 .40 4.68 77.93 4.61 77.77

l+II -43.63 578S.16 893.33 -. 14 .15 1.13, .94 43,12 .83 39.82
I+II+til 395.72 3856.7 1929.83 -5o .50 .42 7.24 82.14 6,67 81.48
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TAKE 74. ZINC FROM ZINC SECONDARY-REFIiiING SLUDGE ON NICHOLSON SOIL.

SiI.PGERN. ArTRET1 CIM.TOT. DIJTOT. FRCITON ETD, DISTRIBUTION COEFICIENTS"[IT, THIS EXT. CD .LG. RM. THIS TOTAL PEI(TR. IMCL SOIL SOLN ONLYMR. M LAMO ffr'L UG/ UG/ wc UG/G i CC. CHALLG. FACTOR RATIO DEC. RATIO DEC.

I V 4.91W0.92
I •W.24 64,1 53,1 12M9.9i 5.Sa .46 .46 4 .96 43.92 .85 40.32.. ?,q 13A .65 447.63 654.44 4U7.43 71 .71 .29 2.9" 70.9 2.51 68.22M 3,9, 57.47 0i•.1 06.05 129.1N .69 .69 .31 3.54 74.21 2.24 65.94SWSP 61l~-•. I4."9 SfL.A7 .85 .85 .As 7.11 8t.96 5.48 79.65

kt I't.iU 304.LI 4t3.• 304.l .?• .95 .IS 31.S5 58.19 19. 9 87.13

2 V 319.1i 99.4
.•23, %1.4 03 2•1w7* 611.53 .27 .37 .73 1.26 5i.44 1.16 49.16U LOM . 37ma8 Uri,.9 " 1 .54 .62 .46 M.9S 71.68 2.62 69.12""! .47 1•,41 1.44 509.,? 294.62 .51 M58 .04 2.35 66.92 1.87 61.89""1 *-1 3t).2 M1UM.T32,U .60 .76 .34 6.16 98.63 513 78.99F,, "*11,11121.6 7.4" 65S07? .04 M91 .16 16.68 96.57 12.41 85.39

M M a., MIA, 9. .1 .- .8.6 46 1.536.82n45 ''" am mm170~ .74 A 5 6 2.9f6 71.33 2787.23
i7 3iS6 i1a.*9 3.6.6 96A1 .As .5 .45 3A.1 72.51 2.78,71.21i~l M.3 1610.54 1155.26 .1 .71, .39 6.20 6.1p, S1079.66

294.11ER75 IM.34 945.54 .02 .80 .1o Wt.53 U6.91 14.9 8 6. 18
4 V 15.7*S8S,76

1 W.74 71M, 791,A6 474,14 1TJ1.64 .52 41 .48 2.50 71.34 2,69 69.64
11 31,74 mi. = 7 I1. MIX3 .48 54 .52 4.21 76.6S 4.02 76.62

UI I144.sit. [,74 1M3.,4i. 764487 63 .59 .37 6.16 861.71 -A_ 5.6 128%6&.22 2374.72 t721.47 .75 .72 .25 9.94 84.26 9.15 83.76
I.IT÷III 459.17 1•.28 t142.61, .91 .89 .19 35.48 98.39 31,S 88.13.

I 14.54ls. p4.76 4199.4 26.41 .19 .36 .81 1.96 62.93 1.89 62.1s1f 14.8 V1.26 753 3904.15 2206.99 .67 .M7 .33 6.1S 81.62 5..6 81.32III 11. MA 124.14 iW.1S 989.71 .32 .52 .68 3.63 74.61 3.3S 73.39
l M.22 M895.2V 2246.69 .73 .73 .27 12.29 85.34 11.5 8S.041+1+111 M9.76 21,35i 1794.37 .82 IV7 .18 22.92 87.49 20.28 97.18

I 22:*vA,5& 27.4 9514.57 4463M9 .68 .47 .32 4.26 76.78 4.19 7&.5611 22.u s. &S -29, ? S451.71 2257.91 -.03 .45 1. 13 2A3 64M. 2.36 64.12111 10.45 S11.77 MAI.8 MIN.9 1483.S9 M5 .53 .46 3.11t 72, 5 2.96 71.31I+1 1104.0. 4757.2? 3M41.89 .67 .71 .33 6.41 81.13 6.13 80.7441II+111 941.7 3171.52 M73S.12 .a5 .A IS 17.69 86.77 16.3S 86.91

1 t4 61A 673.V7 1170.13 SI13~.4 .33 .44 .67 3.77 75.10 3.72 74.95.76 193.92 2. 24S1.83 M 3 86 2.U64.82 2.664,1SX.II 8.19 795.33 442,03 91 M.56 195.97 .34 .47 .66 M.I 6M.7 2,44 67.39IttI 4M1.Y0 1•.04 3794.78 .42 .61 .58 6.64 81.44 6.39 8'..1iIsIlI÷4 4.39 38Ma6.l 3159.S .62 .n2 .A8 12.92 02,57 il..6 85.26
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OIL RE-REFINING WASTE

Even though oil is less dense than water, it was not known whether
water falling on an oily residue in a pond would find its way down
throwgh the waste and relatively efficiently extract the water-soluble
compo ts. The water instead ,,ay extract mainly at the upper surface,
peraps moving horizontally as run-off to soak into the adjacent soil. To
obtain an estimate of the difference in extractability *of water-soluble
components under extremes of conditions, two extraction techniques were
applied. One portion of oil re-refining waste was extracted by vigorous

S-sbaking, such that a suspension of tarry curds in water resulted. The other
sample of waste was shaken more gently with water, so that the two phases
reftnod more as layers. (Both mixtures were readily filterable with vacuul..)
These two series nf extractions were used to challenge separate sets of soil
batches. They were not run in duplicate, so the data does not represent
averages. The first, vigorously shaken waste is designated as A in the
discussion to follow, and the second, layered waste and water is labeled B.

This oil re-refining residue was an extremely strong emitter of what
Srseemd to be sulfur trioxide fumes so the work was performed in a fume hood.

Although the extractions were conducted in closed containers, the filtrations
were performed usting vacuum and no attempt was made to quantitate the amountSof po~llotion. Only that which was extracted by water was detected, r

and henust by its contribution to the acidity and conductivity.

Water which had been vigorously shaken with this oil waste (Table 75,
tigFigures 142 to 147) was strongly acid (pH 0.9) and had a very high conduc-•.• ~tance-- The less well mixed sample (Table 76, Figures 193 to 198) had a

conduictance in the initial extract that was lower by a factor of 2'.7 and a
pH that corresponded to a hydrogen ion concentration that was less by a
"factor of 2.5. (This can be calculated from the pH's: 1.3 -0.9 - 0.4;

Santilog 0.4 a 2.5.) However, as will be seen to be the case with -any of
the elements discussed below, the conductances indicated that the cumulative
sum of the microequivalents of dissolved ions was comparable for both
extraction techniques by the end of the seventh extraction.
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TABLE 75. LEACHABILITY OF OIL RE-REFINING WASTE EXTRACTED BY MECHOD A.

[lumt Initial When Concentration Levels Off Total Weight Percen•tage
Conc. Conc. Extr. rxt.-.v•. Extracted Extracted
(ug/mi) (upI/ 1 r.J W/o) Das ..S iVL~ w steL

- 0.01 0.01 7 190 620 l,.9

B 20. 1.1 3 11 3ý 59. =100.

Cd 1.5 0.01(LDL) 6 95 308 5.9 .100.

Cr 5.0 O.01(LDL) 5 47 150 16. 44.
CU 3.0 1.0 2 5 16 9.1 16. l

Pb 4.9 1.3 7 190 620 368. 16.

Ni 1.4 D.08 3 11 36 4.0 >100.

Ti 0.91 0.12 3 11 36 3.6 =100.
•" Zn 913. 0.23 7 190 620 2740. >>100,

beasure- Initial Final Estim.Tot.Extr.
__ ~t... (N equlv/g) -

Conduct. (p mho) 333.000. 125. 12,000.

PH 0.9 4.0

TABLE 76. LEACHABILITY OF OIL RE-REFINING WASTE EXTRACTED BY METHOD B.

& $#&It I.. ta, When Concen'rataon Levels Off Total Weight Percentage,
Canc. Conc. Extr. Extr.Vol. Equiv. Extracted Extracted

('g/ml) (.ig/ml) Nr. (m11I) Days (ug/g waste)

Be 0.01 0.01 7 190 620 1.9

B 4.0 0.50(LDL) 5 47 150 44. =100.

Cd 0.37 O.O1(LDL) 6 95 308 4.8 =100.

Cr 0.70 0.01(LDL) 5 47 150 11. 30.

Cu 1.0 0.01(LDL) 2 5 16 8.1 14.

Pb 5.4 8.0 7 190 620 1131. 48.

Ni 0.24 0.06 4 23 75 3.2

Ti 0.14 0.35 3 11 36 2.7 90. U
Zn 155. 1.74 7 190 620 2204. >>100.

Measure- Initial Final Estim.Tot.Ext,-.
Mont eqvl).

Conduct. ( mho) 125,000. 667. 13,800.
PH 1.3 3.1
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Thbes'7 and 76, and Figures 148 and 199 show 1that both extraction
tethnqis letched taerylliwn out of oil re-refining waste at the same,
extrsmly It.)w concentration level (0.01 ýAg/ml). A total of 1.9 Pg/g was

A- ~extrarteJ b~ wiMtr In the parallel sequences of spve:.n extractions, however,
the difference between the two extraction techniques caused a difference in
9H4 arid cncentratIi6 of dissolved materials which significantly affected how
much beryllitin epeN.ged from tve soils. (-he minus signs of the Cumulative
Tat& Retained colt= of Tables 17, 778, 79, and 104, 105, 106 mean that the
soils wort giving up that amount of beryllit~m. This is also seen in Figures
150, 161, 152, and 201, 202, 203.) Table 77, for instance, shows that by
the fourth *xtraction viing method A, the amount of beryllium displaced from~
6 halmsr'i sail had reached a maximumn such that the solution challenging soil

batch I caused the loss of 1.1 jig/9 which is 48 percent of the 2.30 p.g/g
aigina~ly on the unexposed Chalmers soil (Table 5). the solution exiting

soil batch I caused 1.27 u9g/9 or 53 percent to leave soil se.-tion 11, and
the rqsultirog sO~ution left soil section III with 1.45 u.g/g or 63 percenit of
*tbe si.1'ls beryllium. Davidson soil lost 65 percent as much beryllium as
Chalmeri soil did Ini the seven extractions by method A, and Nicholson soil
lost 124 poircent as much as Chalmers soil. The higher pH and lower conduc-
ti vity of the solution from extraction method 8 caused the loss of less
beryllium, from the, soil, from 59 to 82 percent as much as was observed for
sot A. (Set 0 on Chalmers sail suffered a mishap after the first extraction,
so tho remainder of that data Is not available.)

The fait that the aqueous extract of this oil re-refining waste was a
*~powerful displacer of beryllium from these soils is further shown by the

I p*'~minus values given for all three soil-to-waste ratios in Figures 149
an. 200..

LOM~
Boron was extracted out of this waste by method A to yield a solution

of mocorately low concentration (20 iig/ml) and it dropped to the detection
llmýt by the fourth etxtraction. A total of 59 ugg or approximetely 100
percant of the boron 'in the waste (refer to Table 11) was extracted this way
(Tables 75 and 153). Method B yielded only 4 ug/ml in the first extract but
by the fiftA extract a total of 44 pq/g was remnoved, which is 75 percent of
method A (Table 76 and Figure 204).

The threc. soils behaved! very simillarly, as seen in Figures 154 to 1,57
arid Tables 80 to 82 for metl'od A. Although an average of 84 percent of the

born wisretwved from the solution in the first extraction, the ability uf
*the soils to remiove bom-n dropper'. rapidly and by the third extraction only

59 percent of the cumulative challenge was retained at a 3:1 sci'-tu-waste
ratio. The penetration factors larger than 1.00 show that by tha second
extraction the sol'1s were beginning to give up mlore boron than w:as in the
solution challenging that batch.

A similar pattern is se~en in the samples of set B. Figures 205 to 208
and Tables 107 to 109 show that 77 percent of T6he bloron was removed from the
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.frst extract of the composition p~oduced by extraction method B. By the

4farth extraction, rcent of the cumulative challenge was being retained.

Tables 75. 83, to 85, and Fiqure 158 show that cadmium was found at a
moderate concentration in the first extract from this waste (1.52 Ug/ml) but
the output dropped rapidly, reaching the detection limit in the sixth extrac-
tion by method A. A total of 5.9 ug/g was extracted, which is approximately
100 percnt of the cadmium in the waste. Extraction method B produced a
solution which was 24 percent as concentrated (0.37 tg/mi) and a total of 4.8

l was extracted from the waste, as seen in Figure 209 and Tables 76, 110 to

The conposition of these extracts soon caused all three soils to give up
their cadium (Figures 159 to 162 and 210 to 213). The solutions resuting
frim .h hllenjing the soils with the first two method A extracts contained mod-

mrte concentrations of cadmium (100 to 200 tims• the SDWS) and by the time the
solutions dropped to the lower detection limit, the analysis indicated (by the
magnitude of the neptive values in the cumulative total retained column and
the appearance of neiative distribution coefficients calculated including soil)
that more cadmium had been removed from the soil than it had originally cont-
ainod . (This indicates the possibility of analytical enhancment by the sam-
ple matrlx. No true blank could be made. This problem could be studied by the
method of additions.) When the soils were challenged by the first two method
5 extracts, moderately low concentrations of cadmium (20 to 50 times the SWDS)
we observed in the resulting solutions.

ChromIlM

A moderate concentration of chromium (5 ,g/ml) was found in the initial
extraction by method A, but it fell to the detection limit (0.01 ug/ml) with
the fifth extraction. A total of 16 jg/g was extracted, which is 44 percent
of the total present in the waste. (Table 75 and Figure 163.) Method B
removed only low concentrations of chromium (1.1 ug/ml and below) yielditg a
total of 11 ag/g, which is 30 percent of the amount in the waste (Table 76
and Figurt 214).

The challenge to the soils (W) was always less than the output, showing
that the composition of the extracts caused release of chromium from the
soils. The solution from method A caused Chalmers soil to lose about twice
as much chromium as Davidson and Nicholson soils (Tables 86 and 88 and Figures
164 to 167). The cumulative effect of five extractions by method B resulted
in Nicholson soil losing more than Davidson soil. After this, the soil
efflue•t:s dropped below the detection limit (Tables 11 to 115 and Figures
215 to a.18).
Copmr

Tables 75 and 76. end Figures 168 and .19 show that copper wes eluthd
in very low concentrations (3.0 ug/ml and below), giving a total of 9.1 ug/g
by method A, which is 16 percent of the copper present in the waste, and 8.1
ug/g (14 percent) by method B. Figures 169 and 172 and 220 to 223, together
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wfth Tables 89 to 91, and 116 to 118 show that considerably more copper was
displaced from'the soil than was present in tihe series of waste extracts:
changing the sign of the Fraction Retained Total Challenge column and adding
1.00 reveals that 6.4 to 10.7 times as much was flushed off by the three
rthod A solutions, and 4.0 to 6.5 times as much was removed from the soil
by three method B extracts, as was present in the so!, ions challenging the
soils at a 3:1 soil-to-waste ratio.

Moderate concentrations of lead (up to 8 Vg/ml) persisted in the waste
extracts obtained by both methods (Tables 75 and 76, and Figures 173 and 224).
Totals of 368 and 1131 Pg/g were extracted by methods A and B, respectively,
which is 16 to 46 percent of the total present in the waste. The results
were somehat sporadic, but the negative table values and the histograms
show that lead was released from the soils In many of the extractions (Figures
174 to 177 and 225 to 228, and Tables 92 to 94 and 119 to 121). The concen-
tration of lead in the soil effluents typically were moderate in the first
five and low in the last two extractions.

Very low concentrations of nickel (ranging from 0.06 to 1.4 pg/ml) were
present in ansi of the waste extracts (Tables 75 and 76, and Figures 178 and
229). Totals of 4.0 and 2.2 Pg/g were extracted by methods A and B,
respfctlvely, which is over 100 percent of that found by the repeated aqua
regia digestion of the waste. Figures 179 to 182 and 230 to 233, and Tables
95 to 97 and 122 to 124 show that considerable amounts of nickel were
displaced from the soils by these extracts: 5 to 21 times as much as was in
the extracts produced by method A and 4 to 11 times as much as in the method
B ext•c..ts. The concentration of nickel in the soil extracts ranged from
1.2 to 21.5 pg/ml by method A and 0.4 to 2.5 ug/ml by method B before the
detection limit was reached.

Very, very low concentrations of titanium (0.91 to 0.12 ug/ml) leached
out of the soil re-refining waste (Tables 75 and 76, and Figures 183 and 234).
Totals of 3.6 and 2.7 ig/g were extracted by methods A and B, respectively;
this is about 10D and 90 percent of the titanium content of the waste. These
actdic leachates ramoved a lot of titanium from the soil - up to 80 times
more than was present in the leachet: (Figures 184 to 187 and 215 to 238,
and Tables 98 to 100 and 125 _o 127).

Zinc

Moderate concentrations of zinc were found in the initial extractions
(913 atd 155 ug/m}) but they dropped to very low concentrations by the fifth
extraction. Totals of 2740 and 2204 ug/g were extracted by the two methods;
this is over 100 Ntrcent of that found by the repeated aqua regia digestion
of the tarry waste (Tables 75 and 76 and Figures. 188 and 239). Although zinc
was retained by the soil in the first extraction, it generally was being



&releas ]&i aan throughout thE reminder of the series of extractions (Figures
189 to 192 and 240 to 243, and Tables 101 to 103 and 128 to 130).

S MMry

The water extracts of this highly acidic organic waste contained very
low to moderate concentrations of the netals of interest. In every case, the
later waste extracts caused ths release of these elements from the soils.
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SOIL (A).
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TABLE 77. BERYLLIUM FROM OIL RE-REFINING WASTE ON CHALMERS SOIL (A).

ANT.P911. ANT.RAE. CKTOT. CU.TO. E£Ii 11 Wi. DISITIINiTIO COHICIOTS
MX.- hS EXT. Of.LC. RMT. THIS TOTAL PEKTI. INCI. SOIL SOLN OILI

R. Live fts UVC Uca UA WA Dn. DIALLC. FATOR RATIO DEC. RATIO V4.

U .61 ..62
I .36 .73 -. 71 .62 -. 71 -3.16 -3S5.6 36.61 2.19 65.46 -. 97-44.19

II ." l,.1 -.42 .73 -.42 -.53 -.so 156 1.63 51.46 -.37-21.22
I11 .73 1.4 -.3 1.15 -. 36 -.2b -. 26 1.26 1.37 53.93 -. 21-41.77

1+11 -.57 .61 -. 57 -56.61 -56.66 S7.10 7.61 91.66 -.9-44.49
II+1+111 -.4 .61 -. 40 -71.11 -71.11 72.66 13.25 65.68 -. 9-44.66

2 3 .01 .63

I .16 .3 -. 27 .. -.JS -9.16 -19.40 16.16 4.36 77.17 -3.23-72.81
II .31 ,ft -. 1U 1.13 -1.13 -2.01 -1.66 3.10 1.46 54.46 -1.13-4.56
I1l .4 1.21 -.3 2.16 -. 61 -. 33 -. 29 1.33 1.41 54.42 -. 1-26M.

1+11 -. 44 .63 -1.66 -29.66 -39.60 36.60 7.91 62.7? -2.21-65.64
III*IuI -.39 .62 -. 3r -39.66 -51.36 46.11 14.92 $6.17 -2.16-4S.14

3 I .31 .m4
I .63 .1l -. 12 .11 -1.16 -2.19 -9.91 3.16 6.64 61.39 -6.6" 6 ,662

II .17 .42 -. 24 1.21 -i.27 -1.33 -1.65 2.33 2. V 67.S6 -3.11-71.S7
III .1V I.6 -. 61 2.41 -1.21 -1.43 -. 49 2.43 1.66 46.54 -1. 1-49.64

1.11 -. 11 .U -1.1i -4.16 -21.36 7.11 16.69 16.44 -5.66-79.17
1.11.I1 -. 2 .14 -t.20 -16.11 -32.2V 17.11 1i.6 i86.56 -3.4W73.97

4 0 .11 .L2
1 .11 .12 .6 .23 -1.16 .1I -4.74 1.66 1.399 64.' -9.1-13.72

11 .I1 .12 .I6 1.33 -1.27 .16 -. 9s 1.6 O 4.46 63.0 -V6.56-64.S6
III .]3 .36 -. 24 2.61 -1.45 -2.66 -. Sk 3.11 2.33 M6.73 -4.01-75.96

.II .12 -1.1i .11 416.22 1.6i 56.3 32 6.9 -19.S@-47.18
l.11.711 -.A .66 -1.23 -2.11 -1i.46 3.11 46.46 3.77 -11.3-84.57

S U .11 .24
I .I1 .24 .66 .47 -1.11 .11 -2.32 1.66 4.9S 79.57 -4.W4-7.S6

II .11 I 24 . 1.3s -I.2 .1O -.6 1 1.66 4.24 76.72 -S.25-79.Z
il .61 .24 .16 2.65 -1.4S .6I -. 51 i1.6 3.49 74.66 -6.6l-o6.S4
I.11 .1O .24 -1.19 .PO -5.66 1.6 28. i6 97.97 -9." .17

[.11411l .6I .16 -1.29 .16 -3.16 1.16 69.66 89.18 -15.79-06.38

6 U .I1 .41
f .t1 .46 .I6 .96 -1.16 .66 -1.is 1.66 2.47 67.99 -2.27-"6-.23

II .61 .41 .I6 2.16 -1.27 .11 -. 62 1.16 2.1Q 64.74 -2.63-69.15
III .61 .46 .II 3.33 -1.45 .16 -.44 1.66 1.74 61.17 -3.10-71.S7
I. .6I .40 -1.19 .16 -2.47 1.II 14.69 8S.94 -4.96-78.46

I÷II.1II .II .32 -1.23 .U6 -3.9? 1.66 34.81 88.35 -7.91-U2.79

7 U .61 .97
.61 .97 .66 I.3 -1.1i .11 -. S7 I.$ 1.24 S1.14 -1.14-48.63

II .11 .9r .1O 3.13 -.17 .6O -. 42 1.66 1.6 46.66 -1.31-52.76
III .61 .97 .66 4.31 -i.4S .11 -. S4 1.01 .87 41.09 -1.56-56.31
1+11 .16 .96 -1.19 .10 -1.23 1.66 7.14 81.92 -2.45-67.71

1,I1.11 .II .64 -1.28 .0l -1.8 i.10 17.41 86.71 -3.95-75.79
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TABLE 78. BERYLLIUM FRON OIL RE-REFINING WASTE ON DAVIDSON SOIL (A).

APT.P80ET. MirRTAT. CuI.rr. CtJNTUT. MO Naa I ITO WIIT
UT. THIS ET. CKLL. R1T, M" 6 TOTAL PETI UNCL SOIL sm C*Oki

0. LAYER UG/ , UwG UG/ Uc/ UG/C EXTR. OLL. FACTOR RATIO DC. RATIO DC.

I X7 . -.53 . -. 53 -26.16 -26.01 27V.1 4.63 77.81 -. •9-43.72
11 .39 .79 -.21 AS5 -.2N -.44 -.44 1.44 3.56 74.33 -3-71
111 .41 .83 -. 64 J9 -.14 -.65 -,5 1.15 3.63 74.61 -. I5 -2.79

-.2 .01 -. 38 -33.01 -3.IO 39.61 14.51 16.86 -.97-44.26
1l l-.IV1 ,1 27 .11 -7 -40,01 -•1,36 41.16 32.17 89.22 -. 3-44.29

I .1m .3 -.27 JS5 -.86 -9.66 -IS."6 16.60 7.4382.34 -2.63-49.21
U1 .,2 .24 AS -.11 11. -48 .21 56.33 .96 -. ,, -.00
11 .5 J76 -.71 IS -.74 -11.56 -X 12.51 3, 71.86 -. 97-.4423

.411 -.9 ,63 -.40 -1.i6 -1s5.8 2.06 1.is 39.76 -1.t17-M.66
I,*tIIlI -. 24 .62 -. 51 -24188 -36.41 5.66 34.21 U.33 -2."3,.74

M .1 A6
I .7 1.13 -.47 .it 41.77 -I.66 -i.9t 17.11 1.24 51.23 -1.72-59.76

I1 5 .X .73 1.16 .73 7i .39 .29 12.47 5.41 2. 67.38
UI .14 .5 -.55 1.15 -1.33 -1.96 -1.11 2.8 2.18 644.3 -1.51-5'.52
I.I -. 12 .A6 -.52 -4.H -4.36 5.16 36.93 90.44 -3.43-73.74

1411+11 -.126 .64 -. 77 -13.6 -21.9A 14.66 29.62 '6.7 -2.7449M94

4 .61 .12
1 .61 , 1! o , I .23 -1.77 .6i -7.61 1.66 16.53 84.68 -44.58-66.68

HI .11 .12 .1 2a." .73 .66 .36 1.66 31.17 8.16 6019 86.54
11 .62 .24 -. 12 1.27 -1.0 -1.66 -1.1l 6 2.16 .79 01.62 -5.79-16.21

.6, ,12 -. 52 .ll -4.48 1.61 92.16 89.38 4.53-,03.3
I+{iZ-.64 ,H3 -,18 -1.00 -16.52 2.6616i3.16 99.44 -t1.69-44.34

I ,I1 .•4 .66 .47 -1.7? .66 -3.72 i.0 5.29 9.36 -7.29-2.19

11 .11 .24 .11 2.24 .73 ,I .32 1.16 i5.58 96.33 3.11 71.5
Ul .9t .24 .66 I.S2 -1.41 .1 -.93 1.1 6.79 61.62 -5.79-" .26

i÷U .16 .24 -. SZ .11 -2.1? 1.66 46.14 98.76 -4.29-76.88
1+1 T .II .16 -. 01 .66 -5.i5 1.81 103.16 99.44 -10.19-04.34

I ft9 .43 .10 .96 -1.77 .11 -1.84 1.61 2.65 67.29 -3.6S-74.66
1. .1 .48 .10 2.7 .73 .06 ,27 1.60 i." 82.69 15.5 6.31 I
U . 61 .46 .It 2.11 -1.41 .me -. 78 1.66 3.46 73.59 -2.96-71.95

.66 .48 -.52 .6l -1.08 1.66 23.12 97.51 -2.15-6561,Sl1ii 17 .t6 .32 -,18 .61 -2.5S 1.611 5.5 88.89 -5.14-78.79

- 7 .97
.i ; .66 1.93 -1.77 .6I -. 92 1.66 1.32 S2.91 -i.92-61.2i

M. .. 3.73 .73 .6t .21 1.6o 3.96 75.60 .7S 36.87•!•~-1 []i . T ! o i41 ,l -. 47 1.11 1.71 STS0 -t.4S-SS.3

S.96 -.2 .HI -. 54 1. 6 1 1.51 8S.03 -1.67-47.,1
.64 -.61 .6 -1.27 1.00 25.79 87.78 -2.52-68.36
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TABLE 79. BERYLLIUM FROM OIL RE-REFINING WASTE ON NICHOLSON SOIL (A).

AMT.PWR. MT.RETI. Ck5.TOT, CKTOT. FINM jlml ?I M UMfl CO~IiIENT
Ell. -- ThIS EX. OW.LC. RMT. THIS TOTAL P MMT2. INML SOIL MU OPLYM. LAY6 UM • I.'G UG/M IJc Uc/; EXTM. OMLLG. FACTOR RATIO Mg. RATIO EC.

1 .s i.l? -4.17 .02 -1.17 -3.I . H 2.11 43.41 -.- 44.46
.73 1.45 -. 36 1.0 -.36 -.13 -.33 1.33 1.3 3.2. -.&14.• 4

I .46 1.31 .14 1.45 .14 .16 .16 .91 2.53,6.34 .11 4.15

1'U -. 72 U -.72 -71.1 -71.Ie 72.11 7.?912 .13 -."9-44.U0IeIIUII -.43 J1 -.43 -64.6 -44.11 65.66 21.29 37.31 -2.1Z. V.

2 V .01 a6
1 .21 .44 -.41 .65 -1.48 -26.06 -33.26 21.16 2.47 47.91 -2.43-69.22I

II .47 1.42 -.W9 1.73 -1.15 -1.24 -.07 2.24 1.47 55.14 -.K313.94
111 .4101.9 -.36 2.U -.22 -.24. -.11 1.26. 1.? 59.44 -.12 -7.19

I+11 -.70 .61 -1.41 -44.01 -54.6 47.16 7.14 .12.3 -1.99-43.1
1.11.11 -.59 .02 -1.62 -53.66 -0.41 59.161 44 0 4.16ft -1 7-94

3 9 .11 .04
1 .66 .36 -. 31 .11 -t.96 -5.01 -17.82 6.11 3.49 74.63 -5.79.9
U if0 .41, -.24 2.69 -1.39 -.67 -.67 1.47 3.64 71.92 -. 04.5
mI .19 1.1 -.55 3.48 -.77 -.91 -.22 1."1 2.14 6S. f2 -.47-33.40

1,11 -.17 m.6 -1.49 -9.66 -36.34 16.06 13 34.40 - .7.I
IU+.1 1 -. 36 .14 -L.38 -18.66 -37.27 MIS 21.31 V,37 -3.40-74.44

4 U .11 .12

II .2 .14 -.12 2.21 -1.52 -1.60 -. 68 261 7M16 62.S -4."5-0.?1
III .U6 .73 -.Al 3J3 -i25 42M -.34 M..! 2.5 .!l -II.V. & .3I

III2 .1 -M.B8 -5.61 -20.43 i.09 33.0 0.36 4.53-61.2f

S 4 .61 s24
I .61 .24 .11 .47 -1.96 .11 -4.17 1.60 5.24 79.26 -6. 17-43.62
u .0f .24 .6 2.4S -1.2 .11 -. 62 1.16 7.14 .2.15 -. ,
111 .11 .24 .06 3.? -1.25 .11 -.32 1.106 9.24 33.03 -5. 17-79.0 IS
1 .m .24 -1.7S .01 -7.36 1.01 39.21 1.54 -14.46,13

.11I*11I ,I0 .16 -I1.5 .11 -16.18 1.66 i16.66 09.43 -19. 5-67,0

4 v .01 .46
I I. .48 .11 .96 -1.93 ,1 -2.16 1.16 2.62 49.11t -4.10-74.24

II .11 48 .06 2.94 -1.2 .6 -MO.5•2 .6 3.,8 74.39 -3.13-72,26
111 .1 .4, .o6 4.45 -1.25 .14 -.20 1.16 4.t2 76.36 -2."-.84

1+11 .o .48 -1.75 .11 -3.64 1.66 1 .t 37.6 -7.21-92.11
t+11+11I .I .32 -i.58 .16 -4.95 1.11 SI,0M 6,.97 -9,'9-64.17

7 v .61 .97
.11 .97 .0, 1.73 -1." .66 -t. 13 1l 1,31 52.65 -2.41-63.91

II ,l 37 .10 3,91 -1.52 . -.39 1.I 1.79 10.90 -1.56,57.38
III .I6 .97 .1O 5.42 -1.25 .80 -.23t .1. 2.36 64.11 -!.29-S2.25
1PH .I .96 -1.7S .06 -1.81 1.06 9.8684.18 -3.60-74.4

÷1+1+II .0I .64 -. 58 ,0C -2.46 1.01 25.27 97.73 -4.91-78.46
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TMAE S0. IM FROIL REI H, T OM CKAERS SOIL (A).
#*T.P9E1. ISTRE. O5M.TU, OEMV Tb~afggCTC1
----LiI . m. o I IM U. CA - TO PETR. - IX SOIL U ONLY i4.UQ UM WS MA Mh &S/ MJ'~EI. OKUL. FACIMR Wi N IMS. RATIO 13

7.17 S.34 8.46 *A4 &.4 .AS .5 .35 1.17 71.9 LE 41.54U 3.4 7.4 6V 14.34 4.1 . .41 .9 3,.2 723S., ,A '2.
U1l 3.5• 7.67 ,4P 7.47 A4 .65 As A95 2.63 1.45 .- 6 I.I

7*TI 14.67 8.4 1.6 -a .AM .13 11.1315.86 4.7346r.U
1.*•.+41l U.24 041,* U.24 Ad .83 ,A7 VA, 17,A 4.•` 76. U

a 0 374 U1.21
j.q 2 .73 -I.S• I M, M.vS -.14 .4 U.i .3,4 73.31 t.94 42.M7

1 24.93 3.79 IM• 1.67 16,11 .31 .0 .9 13.22 72.75 US2Sol"
1U 2.9 7.31 1.21 1A.26 1.61 .14 .11 .86 2.9 01I .21 12.641+l1 1.91 &A. 17.4 .22 .1 .71 82., 3.7. 4.93 7 .It
RU 1.3 18.9 -III 5.U -I.8 -.2 -.6 p.2 1.59 57.?7 -.U -1.64 1
1 1.1 ,. 41 A. 5. . . 4 .91 7.16 f1." 4.22 7,.4
1 i v. x -La U, 7.71 -•5• .23 1.53 2.73 1,.22 .144III IAI." -1.,, 35.A .2, -.21 -.11 ,.2, 1.597.76 -.U -1.U

IMU -A.M 29.34 1. -.- . 1.34 1.3 N4.97 3774.74Zslw-t.41 19.S6 11.64 -. 64 Sfi 1.44 17.466.73 3.M4 71M7

4 U 4 (6.14 Will,
(..,,o ( &.u <,.

Tno rewirde of the table
43(13itl.2 ywas not calculated bfcause I

I €•(.2(11, the concentritions wer
Ii CS(g.ss 2 balm the detection lirsit.

M(.96 (a4.2a
I

1!! ~(S5(.24

(4.46 I
Ill (1 5(4.41

1+27
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TAKE 81. 1 RMON FROM OIL RE-REFINING WASTE ON DAVIDSON SOIL (A).

WIT.P9MIR. MUM.lh M. MT. CUNJ OT. M3CTXOW KMS h1MMIT1 CJ&FICIDEKSI
11T. m.X. 00.U. cm•.. MIS TOTL, PENEW.U& . SOIL SO U U

A. L i VGIA/ U94 " WI/C UM. O.LLC. FiVT RAGT0 61. RATIO lG.

I ad.4U
I 4.36 12.73 U.N 4.6 MA .49 .69 .31 4.41 77,19 2.2t 45.42

11 4.5 9.6• .44 12.73 1.91 .29 .29 .71 3.47 73.92 .4S 21.,0
MU 3.74 7.47 1.62 9.09 1.2 .is .is .X2 3.95 75.,'1 .22 L2.21

b*u ,lii 23.4 ILS. .71 .711 .? ISM 86M 3.4974.1111(It~i IM i.11 .02 .12 .JI X .1 .49 4.46 77.,6

1 9 L74 ii.2 ia.U.

1 1.41 4.Cm 11.21 p.1 .73 ,I. .n 3l X4,MR 33 3.9 74,15

i 1.n 3.40 24.34 19.34 42 .74 .3 5. 30.31 9.12 49.74 I
I a~f UAL2 S." %,A 13.5 -. a2 X3 1.3 3.327S.33 1.2 S4.40

1.2I44 1 T .Z M! 4.3 19.0,d .0L .0 .$9 64,81.31 2.7! 69MI.1

ml 1JM f.7 -tia~ 21M. -1.23 -.33 -. U 1.33 2.54 41.54 -.33-10.42
IU -. 1 1934 19.54 -. ff 3S 1."9 21. V.22 S.2479.19

IMK~i U10 9.k 1.9 -.4S .9 1.45 ff.* W.66 3.974.45

I (.I (0.16

4 1 U 7.1324

I (.91 (6.06

u (. MI!.2•
I. (.SBc24.k'

I*ilUl

I (.Bt( 24.2
1 (.S(14.24

u I .( -", S I '( A + , •
lU -. SO (24.0

Iu (.1( .44
18110
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TPASL 82. BCUM FROM OIL RE-REFINING WASTE ON NISHOLSON SOIL (A).
ULM 9IT. ANT.KTS. CIM.TM. OU.TU. RACTJ IMiuwrc Il$RFTCN -MxCzo-U. TM~ EXT. OR"L. ICMI NHis MAL~ WET. iNQ. $OL saft" ON L9. iAVR "M VCi MC UPiC U"/ Eni OKU. FACTO RATIO DEC. RATIO DEC.

I 5.5 U.U 2B." 40.11 29.49 .73 .73 V2 4.V77.1.2 2.6769.49u 4.14 1.3 P.0 11.11 2.10 Z .25 .75 2.62 49.1U .34 18.5in 2.73 5.45 2.3 3.3 2.0 .34 .34 . 3A 75.1 .52 27.4114216.b 3.46 14.6 A3 A3 A. 16 1.05.42 ".93 75.711+3131.73 U.6 11.73 .9 V6 .A3 37-47 U.4 :.Q 81.23

1 3.74 U~ft A Sim129.19 .16 .57 1.66 4.33 77.1t- 2.45 69.32u 3.91 t.U -.6 2.2 .2. -A6 .16 1.s 1.7910.77 .19 11.45lu 3.1 1.3p e.41 3l.16 5.3 .11 .26 .79 2.3761.75 .5629.215413 -A3 2L81 1L9 -JS A6 1.i5 9l'.13 n 2.73 49. M~41+U1# A4 17.34 12.39 .14 .71 .54 VX6 V7.41 3.9475.82

5 1.11 &V1 .14 11.61 Me.4 A0 A5 1.13 7.29 U2.19 4.45 77.35U .71 4.84 1.4 S.IM 4.4 .36 .16 .64 5.55 79.79 1.1If47. MLU 1.11 4.43 -L.U Z4.34 2.93 -.57 .12 1.S7 3.26 72M9 .4 22.991#0 1.21 8.34 17.11 .36 .5? .64 ISMy -719 11.i 312.AA+1W 4 19.54 12.39 A0 .43 1.ll 31. ffU. 14 5.5879.33

t (.3l(4.16
LU (Jo9c(4.64

1.1 IAf41zbuq
(.9(12.1 I

IuI

4 U 5( 243~.24
1 (.9(14.24

U .9(24.24

113 :S (.924.24I

I (.9l(4.4

1413 2821
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FIGURE 157. WEIGHT OF BORON FROM OIL RE-REFINING WASTE ON NICHOLSON SOIL (A).
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*E , , ,NTIM FRC4 OIL RE-RIjFTING WASTE ON ALNRS SOIL (A).
•? .. .. ATNFIAM. •t, .•T. CUNfl1, ,• T, DIST .TIaN C M .ICW.S

THUME~. VDI.L. AM.L MR DMAL ?E . DOC OIL SU DVY;• • ' VOL• Q% 0" Wd K£/C FMr/l. QM.LG, FATUR RATIO KC. RIATIG lEG. -

i' Mo 33 -. 2m ;.43 -. 21l -,07 -,t17 1,1I7 .19 5.2 -. 66 A3.SB
-a Il 3.23 .14 .11 .1 L.11 .1s 8.7? AO .11

S3.23 -1.11 -.31 -. 31l 1.31 -.12 -6.64 -.24-13.39
Al-, i.2 -. is -. V -. 17 1.17 ,S 29.19 -.sss

".4 i. - " -.4 .41 1.41 .7837.78 .,•15,9U

.5 1.73 -. 4s 4.31 -. 6 -.- -3 -,IS 1.36 -. 89 -1 -.3-21.81
-i .t 2.3 ".t 4.A -. U1 -.35 -.12 i.3 -. 9 -2.66 -.26-14.S

Y 1.14 3.33 -1.l0 5.57 -2.11 -. 43 -.36 1.43 465-'24.37 W.431. 19
":S3 2.1i -. 63 -. 83 -. 29 1.83 .32 17.S4 -. S4-20,42

~~I-.09 1.40 -1.19 -1.12 -.76 2.42 X.47 i.22 -.90-#44.7

3 N .14 .6
I a .66 5.15 -.4. .17 -,12 33 U-6.1 4 7S-V. i I

U .23 1.39 -.41 S.75 -1.21 -.77 -.21 .77 - -29 -,-.
M So 3.4 -2.66 6.9 -4.17 -1.40 -. 58 2.48 -t.13-45.?S -1.18-4j.AN

+III -.27 2.50 -.91 -. 64 -. 35 1.4 .14 7.35 -1.39-.47
I1++111 -.,7 1.72 -1.94 -3.17 -1.14 4.67 -. 41-21.75 -1.7T-•36

4 4 .62 .24
I (.II .1 .12 S.39 -. 47 .54 -. 19 So .21 iT.79 -3.72-7S.68

11 .14 .73 -.,1 5.37 -i.12 -5.11 -. 31 6.30 -i.81-61.11 -2.50-W68.3
111 .17 2.11 -1.33 7.49 -5.40 -1.03 -. 71 2.83 -2.36-"7.21 -2.62-69.13

-. 24 2.70 -i.15 -2.20 -. 43 3.11 -. 41-21.92 -3.15-72.41
+ -. &1 1.81 -2.S7 -7.50 -1.43 9.56 -i.SS-57.19 -3,74-75.0,

J t.01 (.24
I (.,1• (.24

The reminder of the table
was not calculated because

S . ; + .4 of the prevalence of values
S3. INbelow the detection limit.

U (.11 ( .4

7 9 (.I1 (.747

1 (,1t (.71

(Ai ... ' I,111 .14 3.98
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TABLE 84. CAL4IUM FROM OIL RE-REFINING WASTE ON DAVIDSON SOIL (A).
[ T.PER, ANT.EMum. CUM.TOT. Cam.TOT.

X- ~ THIS EXT, CtmiK , ETD. THIS TOTA. PENETR. 11• SOIJ SOWl ONLY,. kAYa n tWK "G UG/C UG/C UC/C EXTW . 01A.LG. FACTOR RATIO PE. I9TIO KEC.
£i V 1.52 3.13

I 2.62 4.14 -M1.6 3.63 -1.61 -.33 -.33 1.33 .1 622 -2-.4U 2353 5.65 -1.31 4.34 -1.11 -.35 -.2; 1.2S M6 4.99 -.21-11.31Ill 1.41 2,3 2.22 SS 2.22 .44 s44 .56 1.3352.41 .79 38.16I! -1.61 1.52 -1,11 -. 67 -.,67 1.67 .75 36,82 -. 41-21.80XZUIU .17 1.01 .17 .17 .17 .93 4.9 77.95 .17 4.19

2 II .42 L.27
I .51 1.73 -. 45 4.36 -1.46 -. 36 -. 34 1,36 -. It -. 48 -.rr41.31II .19 .So 1.1S S.77 .14 .67 .12 .33 2.76 71.11 .25 13.86Ut 1.01 3.63 -2.4S 5,63 -,23 -4.26 -. 14 5.26 .41 21.89 -.U -4.3B1.l1 .33 2.15 -.64 .3 -.31 .4S 7.7902.m7 -2.36-6.4I*ll.l1I -,19 1.43 -42 -1.3C -.36 2.38 3.797S.23 -.51-27.I?

3 U .14 .5

I .81 C.I5 -4.63 S-IS -S.-45 -4.71 -. 1.6 5.71 -. 91-39.62 -1.13-46.42II 26 1.21 3.64 10.62 3,78 .75 .36 .2s 4.31 74.95 3.1t2 72.21
1.:1' -.1. 2.56 -.94 -,43 -.33 1.43 3.3973.53 -. 39-54.,*iL.I! -. 3 1.72 -,8 -t1.3 -.47 2.16 6.7 81.94 -1.42-54.73

4 V .12 .24
(-$1 1 12 5.39 -5.34 .51 -.99 .51 -32. 12-8.22 -44.6"-68.70

t.4 .46 -.36 11.74 3.41 -3.93 .32 4.11 11.13 84.31 7.64 8i.92Il r .95 7.32 -t.18 -.75 -. 15 .7S .44 23.52 -1.27-51.37-,i2 2.71 -.96 -i.i6 -,36 2.ii 7.99 Q.% "3,99"7S,
I'Ulll -.21 1.96 -1.30 -2.56 -.56 3.50 11.83 85.17 -3.W-74.26

5 1 .82 .48( ,i (.24
- (.11 (.24
III (.1 (.24 I,"1

6 • (..1 (.4I (11 (.48

III (.l1 (.48
I+II

l~I+II~lI

7 v (It C.971 (1I1 (.r7
I7 (.11 (.77
1 .12 (.94

P -' I ~ lI I 2 8 8
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FIGURE 161. WEIGHT OF CADMIUM FROM OIL RE-REFINING WASTE ON DAVIDSON SOIL (A).
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IABU, 85. CADIIUM 1O9M OIL RE-REFINING WASTE ON NICHOLSON SO IL (A) I
WT.PIEIR. MAT.II. CIM.TUT. 0l.T1t. Dg _ lIm3 oM W E:CII•JtrITSt~• 1111im M. 1lM.LC. IMl). MlT1 1PT. PIIlt. ImILSOIL SOU OILYR. IAV 1• UG/ M Mic W49 CMln. DliL. FACTO RATIO K9. RATIO KG.

1 0 1,.$ 3.U3
K 1.41 2.u .21 3.63 .21 .X7 .17 .13 .25 1.94 .7 4.1I . 1 -.' 2.33 -.23 -. 0 -.17 1.37 .1. 5.42 -. 17 -3.81Ku 1.41 I u .2@ 3'" . ..7 .X7 .93 .25 t13.4 ,67 4."Iti . 1.52 .li .U1 .U 1.6U .M 33.43 .16 .66PtUloU X1 1.lt X1 .17 .17 ,93 1."6 U." .17 4.1

I -.41 4.31 -. 40 -.4a -. og 1.43 .IS 2.93 -.22-t2.14S..24 4.71 -. 9 -. 0 -.12 1. -.13 -. -.- 4111 3. -7 S.D -. 59 -. 35 -.11 1.35 -.3 -1.42 -. 19-1694
U -14 : 2.15 -. 43 -..7 -. 23 1.76 44 24.A M -.- 23.I*I+ -. S - 1 ..,31 -.34 2.31 .f7 44.13 -.51-27.17
3 U .14 . 51+ .1 , U4, -. il Us, ".5 -. 21 -. 11 1 .21 -,N -4.76 -. S-,W29.k

u .X L.a -. 36 5.74 -. 93 -.3 -.1.4 1.35 -. 31-17.12 -. 07-33.691L1 .46 2.79 -1.9 64. -1.9 -1.66 -.31 2.06 -.53-V.7. -. 71-3S.31K4!1 -.27 2.31 -.76 -.14 -.29 1.44 .35 19.19 -1.69-47.3914+1+11 -.6 1.72 -1.14 -4.2 -. 6 3.29 .36 19.13 -1.25-51.42

* 4 ...2 .24
1 .64 .4 -. 24 5.3R -. a3 -1.66 -. 15 2661 -. W634.11 -1.7t-59.46u IS .4 -312 6.22 -1.65 -.25 -.17 1.IS -.91-92.25 -1-73-4g.uIII i6 -Un1 'AM S , m , , li -.

.. . ...... ... ..& '"J? 2. "W -&.9 ".w " .= 4• .
I.U -.18 2.71 -.94 -1.96 -.39 2.51 .21 tI.33 -3.11-72.12I~llUIl -. 46 1.I -i.s7 -5.11 -.37 .66t -.M4 4,1 -3.24-72.33

S .I2 .48

I '.I (.24 .24 S." -.59 .So -.16 .So -.3S-i9.4 -2.42-"7.52II .IS 1.21 -. 7 6.4. -2.62 -4.U -. 31 5.16 -11,5-51.43 -1,67-59.14aI ,6 .4 173 3.4 -2.11 ,0 -.25 s4" -3.3W-71.15 -4.33-77.61-,II .36 2.94 -1.31 -1.56 -. 44 2.5 -. •-26.56 -2.15-65.16I*II*III .1 1.91 -1.57 .6 -. 681 1.3 -.43-23. M -9.71-64.12

4 l (.6i (.46

V . 1.45
II .14 I.M4III (.61 (.41

1 . 11 (.97
7 U (.1i f.Y7It (,11 (.97

III (.I1 (,V7

14,11+111
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FIGURE 162. WEIGHT OF CADMIUM FROM OIL RE-REFINING WASTE ON NICHOLSON SOIL
(A).
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'TP.LE 86. CHROMIUM FROM OIL RE-REFINING WASTE ON C)IAMERS SOIL (A).

MT.P9ETR MT*ETD. gII.My. LUJH.Tr. FR3J RUJ PInuI1Unfl~aM EF!ICTS
CIT. TH 11(3 . OLLC. RETD. THIS TDTAL METRO INEL SOIL 9MJ OILY
a. LAI /m. UC I" U/V UC/C DO. DOUG. FTU RATIO DE. RATIO KC,

1 43~S 9.M
1 1.33 21.1 -. 77 9.91 -14.7 -1.49 -1.49 2.69 .42 22.85 -.43-32.16
1 11.72 23.41 3. ,.6 31.3 .L2 .12 .1 1. 53.3 2 .14 7.95

iU 24.44 52.92 -ff.*9 2.43 -H.49 -1.264 -. 26 2.2 -.33 -1.41 -.54-O29.13
loll -6.7? 4.9" -6.77 -1.37 -1.7 2.17 4.26 76.41 -.51-.Ot

I,,,UI -14.34 3.36 -14.34 -4.. -4,X 5.35 3.95 S.7 -.79-3.11

1 2.32 4.97 -3.U3 13.53 -01.11 -.92 -1.4? 1.2 1.13 48.59 -2.66-76K
11 7.7 21.2 -44.24 3543 -. 11 4.61-24 -. U 1.64 .66 36.76 -. *2-V.43
in 16.56 31.51 416.31 44.44 -09.79 -. 09 -. 89 1.49 -. "372.2 -1.2451.43

PH1 40.79 4.77 1is~ -4.6 -2.36 S.O3 3.1175.31 -1.47-55.71 I
JI*IU1 -9.19 4.51 -n.41 -7.47 -S.24 1.67 5.75 30.13 -2.25rM.14

3 U ,11 .41

I .93 5.03 -4.60 15.41 -24.1 -2.13 -1.5 .3.13 U.4 33.57 -4.16-74.29
U 1.13 t1.9 -5.13 39.1 -14.64 -. 16 -.41 1.6 1.116 47.44 -1.47-55.71
1U 4.5 ff.6 -13.1 57.2 -W. -1.07 -1.64 2.417 1.3-4..36 -1.9-63.34

1PH1 -4.1 7.71 -3.67 -4.41 -2.64 5.3 43.9 31.37 -3.6-74.•11
l9.07 5. -32.76 44.48 -6.3 1.4 8 .29 79.31 -3.37-73.7

I J. .41 -. 2 IS." -24.22 -.25 -1.52 .2 4.2411.11 -M.97-0147
ai .1? 2.36 -1.76 44.12 -17.74 -2.111 -.44 3.661 4.46 77.34 -7.71-13.0
111 .47 3.08 -5.71 S7.05 -U3.47 -2.47 -1.11 3.47 -4.46-77.34 -7.9442.84

I'll -. 411 7.J5 -23.91 -3.75 -2.64 4.MS 3042 96.O12 -19.22-64.94
1+11I01U -2.31 5.30 -35.21 -15.50 -4.44 14.56 38.3163.87 -13.20-16.47

LI (on (,4 _
1t (.11 ( 24

111 (.61 (.97I*III

1.1.I1(4111--

11 i.t (097

EMOFI ,ORA. 294
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FIGURE 165. WEIGHT OF CHROMIUM FROM OIL RE-REFINING WASTE ON CHALMERS SOIL
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TABE 87. OIO UM I FRM OIL RE-REFINING WASTE ON DAVIDSON SOIL (A).
OMT. -iuI. - OMK" .TUT. •IN.T. DISTlhIUTI1 c'iWiETSUT. nKU cr. OKU. acM. flu cMAL rc~uu. Im SOI. Mu OILYio. Lug Um VA WA WX EM. CKU. FATO RATIO 16, RATIO DU.

1 .3 14.5 -6.47 ?.- -6.4V -.47 -. 07 1.47 1.93 42.51 -.44-21.924 8.41 MI.i .40 k.$S .4 .6 .u .te 2.41 07.49 .3 1.43U13.14 2.67 -tU.sl t.1 -tI.Si -.71 -. 71 t.71 .9" 44.33 -. 42-22.5?IU-•.4.13 4." -3.U. -. a °-.63 t.u Mt u."7 -••i
I.UtUI -5."1 3.30 -593 -1.0 -1.84 2.31 11,91 .S-2 -. 64-3.71

I 1 1.21 L442I QA.4 -4.5 13.53 -11.s -1.33 -. Is 2.33 3.1 72.41 -1.34-5.42.91 $.73 5.76 5.65 &U .61 .25 .2 U 41 0.51 2.26 64.12Wl S.76 LIZ0 -04.4 18.0 -A-66 -5.33 -1.33 4.33 .73 35.9" -1.51-54.46I•'ll .46.77 -1.. .25 -.4 . 54."40N.9 -1.t-43.061.1.1 -4.5 4.S. -11.47 -3.75 -2.3 4.7 M.R 04.17 -1.0241.20

1 4.91 00.4 U-jg IS-41 -31.31 -14.3.1 -2.55 15.11 -. 12 -1.41 -i.32-Sa.9S
S . 1&6 -. ,3.24 ., -. -1.,2

I* 1 23 -1.31 9.71 -S-" -1.37 -. 74 42.3 23.679 37.59 11.31-S4.95

tfl+l4l -4.14 1.64 -33.3 -7.71 -1." 2.71• 8 .3 46.33 -2.96-71.3
4 -0.. - .a -4.. -, ,s -,oo - , L . m.a *4. -. .

1 4-4 S 3~t -11 -. 9 2.g11 -1255.ggu39 .UU.

4.01U -5.,, .30 -37.23 -12.25 -3.2& 13.25 44.1i U.7 -8.67' '."94
s 0 (.1t (.24.. . . .-. .

I (.01 (.24
U (.61 (.24

6 .it ct 4U (.6I (.4

7 V (.01 (.97
1 (.61 (.f7

1 (.it (,m
1I (.11 (.97

2III
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FIGURE 166. WEIGHT OF CHROMIUM FROM OIL RE-REFINING WASTE ON DAVIDSON SOIL
(A).
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~A~a''~. ~ F~f~OIL RE-REFINING WASTE OM~ NiCHOLSOM (A).

AM.I T.R1iTD CWNTOT. t111.TUT. ~ ~~ETD. DSTUIBTION CMEFICIENTS
alI. - THIS M~1 cW.LC IMT? THIS TOTAL pEjt-,, 'X%~. SOIL SOLM OXEYM. LAM' %,itt. igi &J~ ~ U' EXTU. C) LL. FACT!U RATIO DEC. RATIO DEC.

'.;195 *.4,.6 971 -.90 -.99 1.9" 1.19 49.94 -.49-26.33
U Z~~ 44 M4~ P95 .-4. F -.25 -.25 1.2S 1.15S 49.13 -23- 11. 22T 7 4 SI3sl 9.19 24,i " V. .37 .37 .63 2.74 49.96 .59 3.6.3

-77 4.95 -7.27 -1.47 -1.47 2.47 4.11 73.24 -.64-31.75
--t32 3.36 -1.62 -.Ss -.55 1.55 19."9 U.9" -.36-19.54

I .4 11.I -.I0 1U.53 -17.3-3 -2.2S -1.32 3.25 1.-29 52. 11 -. ~~5U Z4S i4.36 -4. ý4 31.41 -9.39 -.31 -.31 1.33 1.44 55.27 -.57-29.86iLV U.s. 25.7s -9.39 46K0 -.31 -5S7 -. I1 1.57 1.27 51.77 -. 61 -.6714n -631 6.7'1 -13.64 -3.56 -2.11 4.56 6.46 91.12 -1.67-59.14
.7.3V 4.5St -9.19 -4.13 -2.64 7.68 U3.44 04.S4 -174.9

1 4.7 -4.79 15.41 -22.66 -2.5S -1.47 3.5 1.55 57.18S -3.46-73.61U .i - tJl -4.24 38-0 -13d.i3 -.64 -.36 1.64 1.78 0~.61 -1.2!-51.34U'% 3.33 21.1 -9.6? S1.7 -9.39 -.83 to1 1.683 1. 18 49.73 -.47-2S.16
S1-4.51 7.71 -113.1 -4.81i -2.36 5,81 6.77 93.5 -3.13-73,27114111 ~ -6.64 S.14 -15.23 -9,65 -2.14 16. i5 12.5S7 65.45 -2.20-44.36

4 4 8 .48
,' .9 -.61 15.9 -23.27 -1.25 -1.46 2,2S 8.92 83.4if -21.33-67.32

H ~ -~2.42 39.17 -16.64 -2.22 -.41 3.22 4.92 79.29 -457-77.65
*.qw SM.1 52 -16.36 -1.97 -.30 2.97 1.66 59.6' -1.54-7.40

7,h -193~6 -6.25 -?1.47 7.2S 26.-37 87.83 -11-4~I~Tit-3.31 5.31 -19.M -26.56 -3.59 21.56o 23.16 97,q_ -S.34-79.39

S 6 .11 (.24
-i (,6~~24
11 ( ~ .24

HI {.81 (.24

9 ( . .40
i ~ ~.48

Q .4

31 (i (.*7I
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FIGURE .167. WEIGHT OF CHROMIUM FROM OIL RE-REFINING W1ASTE ON NICHOLSON SOIL
(A).
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TABLE 89. COPPER FROM OIL RE-REFINING WASTE ON CHALMERS SOIL (A).

ANT.PENETI. 4 KTRETD. CUNJ07,. CUtiSTGV. FRACT1ION REMI DISTRIBUTION COEFFICIENTS
EXT. THIS EXT. DIALLG. RED, THIS TOTAL PER . INCL SOIL SOLN OLY
US. LAYMl "iii tI/C UC/C LUG/G WGC EXTI. OW".L~ FACTOR RATIO DEG, RATIO DEC.

1363 6,106
1 9.69 is.is -12.12 6.16 -12.12 -2.11 -2.11 3.10 .56 26.79 -. 67-33.69

U 861 16.16 2.12 1 a o8 2.12 Alt .11 .89 1.44 55.28 ,13 7.13
IU 26.26 41.40 -24.24 I6.• -24.24 -1.56 -1.56 2.51 -. 07 -4.16 -.66-31.96

-56 S.5 3.13 -5,6S -1.67 -1.67 2.67 4.65 77.94 -.63-32.81
1I*s1II -11.45 2.02 - 1,. -5.67 -5.67 6.67 3.91 7S.61 -. 85-41.36

2 9 1.11 3.33
1 2.k2 6.14 -3.63 9.1? -iS5.1 -1.66 -1.67 2.16 1-11 45.42 -2.51-68.21

5.6 1S.Is -9.69 ?v.24 -7.67 -1.56 -. 29 2.6 .94 43.21 -. 47-25.12
111 8.. 21.24 -9.69 31.31 -33.33 -.60 -1.,16 1.6 -.9-26.39 -1.309-3.9

-6.06 4.55 -11.11 -4.61 -2.44 S.1 4.16 76.47 -1.47-55.71

3 V .1 (. -7.6? 3.13 -18.R~ -7.16 -6.b 91.11 5.62 79.9" -2.29-66.4313 V (.01 (.16
I .e (.0, .6 9.15 -_Is.is .1 -1.66 1.66 162.9 99.44 -25.SW.77
1 1.61 6,. -6.06 24.36 -3.67 -116.1, -.54. •1. 1.36 53.63 -2.iW45.12

11 3.,3 it. i. -2.•. U7.37 -4S.45 -2.66 41.22 3.16 -1.33-S3.63 -2.56-68.21
141! >3.1 4,57 -14.1i -91.66 -3.19 Ill. 9.41 V.'9Y3 -4.66-77.99

-.I!'U14. 3.65 -24.%, -362.61 -9.65 363. 6.49 91.24 -4.65-76.14

4 (.01 (.12
I .(.1 (.12

II (.1t (.12
iU (.11 (.L2

9.f,

I*II4III The remainder of the table
S 0 (.0 (.24 was not calculated because

I (.11 (.24 the concentrations were

II (.11 (.24 below the detection limit.

II (.21 (.24

6 1l (.It (.48
I (.:1 (.48
l (.61 (.48

7 V .1 .
I (.61 (.96

II <.61 (.96I1 1 1
-• ['II I tI
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TABLE 90. COPPER FROM OIL RE-REFINING WASTE ON DAVIDSON SOIL (A)..
M--nT. A•, T--, . CUL.TOT. CMrtTO. FRACTION ET. DISTIUUTIUN COEFFICIENTSEXT. -. TNIS EXT. OR". I TI TOTAL. MRh. IN, o SOU t," .Ni. LAY11 MO U G/ W9 WC UG/c I UtC CIT O. . F9T RATIO K9C. RATIO DES.

2 II 1 6.1t ,

1 12.12 24.24 -M11 6.14 -21.12 -3.11 -3.11 4.61 2.34 M.82 -. 75-36.97I1 15.15 36.36 -4. 24.24 -4.64 -. 3 -. 5 1.15 2.27 66.21 -. 21-11.31
11 23.23 46.46 -14.14 36.36 -14.14 -S3 -.S3 1.53 1.26 S1.61 -.35-189,114+11 -12.12 3.13 -12.12 -4.10 -4.6 S.166 9.7 173.71 -. W31.66

2 V 1.61 3.63
1 3.13 9.69 -4.614 1.69 -24.24 -2.16 -2.47 3.00 5.5479.11 -2.67-69.44

u 1.01 3.63 4.16 33.u .14 .47 M .33 24.49 V.&0 .1 .6611 9.19 1.2 -24.24 33-.33 -464 . .66 -1.2i 9.66 1.24 S.59 -1.4.855."l+11 4.66 4.5Z -2.12 A.U -2. 10 0 IM . "J 39.37 -0.16-02.5tI*III .66 3.63 -21.5 41.03 -7.11 9.16 22.2 37.43 -2.37-47.13

1 4.34 34.34 -34.36 9.15 -46.54 -M65.6 -4.42 U64. .39 21.41 -1.47-59.11I
1I 2.62 12.12 24.24 4t.69 24.24 .67 .35 .33 3.17 83.12 2. N43.43111 4.64 24.24 -12.12 45.45 -U.Sg -1.66 -1.1 2.66 .9242.S9 -2.17-65.22*1+11 46.13 4.57 -18.15 -261.08 -3.97 MI. 21.09 37.3 -3.06-71.54

I*I+II 4.06 3.65 -29.4 -46.6 -9.71 464. 24. 11 3.42 -3.Ur4-74.
4 V (.11 (.12I

*1 (.81 (.12

II (.11 (.12IlI (,lIt (.24z

l+Ii .6 (.24
11 V (.11 (.24
I (.01 ( .24

III (.61 (.24O

4 1 1 .1 (.48
III (.11 (.48

I+I111

7 (.11 (9
I (..It .9II (.61 ( .96

III (.61 (.46

I+II
lII(I 1304
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FIGURE 171. WEIGHT OF COPPER FROM OIL RE-REFINING HASTE ON DAVIDSON SOIL (A). I
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TAILE 91. 1:1PER FROM OIL RE-REFINING WASTE ON NICHOLSON SOIL (A).ilff"k.Pk, ifulrs. coI.TO. =I.TO. Ris • DISTII]UTON GCOE IM]T
UT. rag EXT. On"L. NIl. THUE TOTAL PM7TR INEL SOIL L" OILYit. Ima WIL I ýi wc~ UGA U~fC OR. OMAS. FACTO RATIO KC, RATIO IM.

"L .7 -14.14 -4 -1i.33 2.3 LiS 49.61 -. S7-29.74U 12.12 24. M -16.16 1414P -06.11 -.71 -J1 1.71 .#A 31.6U -.42-22.42
I.U+m -3.37 2.62 -3.37 -1.0 -1.07 2.47 13.43 5.4S -.43-32.11
S II t. -3.69 36 6 . .646 .37.7 -746

,. ,M -. :4 9. -14.14 -2.6 -1.36 3.66 1.144.3 -1.4-57.26
-4. 12.12 -3,13 -13.13 -.33 _37 1.33 A43.4-M ,124 .212 3.31 -4.64 -1.66 -. it 2." .8s46.44 -. 17-9.46

1411 -4. 4.0 -13,64 -3.H -3.N 4.N S." U.31 6 2.4.9-.4I+HUI -4.4 3.6 -14.46 -7.oo -3.44 1.o 1 6.6 V 2.72-4,.fl

(.u1 Cm~

(.l t (.16 .1 VAS-14.4 A. SS i. 17.1089.0 -23S.-6.76

KU io 1 .6112.12-1.3-N. IL

3.f .0 -61. 2!.9 -•.Ut., - lt .2 42.59 -3.U,-.42in M 8.1 9.2 ,.4 -14.16 -2.11o, 3j.11 .473.14 -.89-"41.63.m -.. 4.9 -1644.l~ -104A -3.6 .,,1-. 11.. 14.72 .-5.4194.68,
-4+ .-4 SAS -U1,A. -M..1 -1.481. -9 .Sl 0..l0 -z.72,.fti

4 1.
SCm. (.2

M (.I 1.1(2
I+LI*II

s K (.01 (.24
1 (.1 (.24
u (.-1 (.4 I
lU (.61 (.24

I+IIi1 l*II#I
I (.1 (.41

(.61 (.4I
~ll

S(.11Ill (.It ('
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TABLE 92. LEAD FROM OIL RE-REFINING WASTE ON CHALmERS SOIL (A).
MIT.PDET. WIR*ED. CUM.Mr. CKMTOT. FRACTION RWT. DIMTIPJTION COEFFICIENiTSEXT. THIS mT. DM.L. 'M. THIS TOTAM. MEJM i, sIL sou oeuNi. LATER UN UG/94 U"/ c/c U/C COR. CUPL . FACTOR RATIO DE. RATIO DEC.

I wl 4.94 9.89
1 6.39 12.76 -2.67 9.89 -2.97 -. 29 -. 2? t.29 7.49 82.46 -. 23-U2.6?1I ,11 .21 12.54 L2.7 12.56 . 99 ,98 .2 2 55.32 89. " 62.82 89,1111 31.34 42.72 -42.52 .21 -62.S2 -31.2.5S8 -312.59 31. X5 29.84 -.64.91+11 4.34 4.94 4.84 .94 .12 2018.45 89.97 49.45 88.921+11+111 -17,1 3.31 -17.&1 -5.34 -5.34 6.34 13.29 8S.71 -. 84-40.i1

2 U 5.35 i7.56
I 2.49 7.47 13.1t 27.4S 7.22 .57 .2A .43 144 i 85.96 .97 44,1411 4.33 I9.99 -11.52 21.23 1.34 -i.54 ,S 2.54 5.24 79.23 .Is 3.13III 9.24 V.71 -8.71 19.19 -71.23 -. 46 -3.71 1.46 .99 44.55 -2.57-68.751411 -.71 13,73 4.13 -.68 .30 i.68 21.19 87.31 .43 23.561.1141l1 -3.39 9.15 -29.9 -. 58 -2.2 i,S8 29.72 8.17 -2.27-66.25

3 U 5.61 34.6_
I 3.92 22.94 i. IS 61.S4 18.37 .33 .31 ht7 5.19 78.90 .81 38.69II 3.77 22.61 .14 43,17 1.37 .11 .3 .1? 4.42 77.25 I6M 3.47III £I.8 644.7 -42.17 4t.31 -113.40 -1.17 -2.71 2.87 -. 23-12.3S -.75-60.261f11 5.74 38.77 9.V7 .34 .32 .6 19,30 86.87 .87 41.131+11111 -1H.23 26.51 -31.22 -. 91 -1t.2 t.10 t2.24 89.3 -1.645-5%33

4 V 4.34 S53.5
1 3.26 39.1i 18.87 119.5? 37.24 .33 .31 .67 3.46 13.91 .5 c.Z,II I1.M 22.85 KIM33 92.35 17.71 .42 .21 .8 5.6S 78.98 .77 37.77

U."1 179 .7? 2.47 .61 ,46 .39 19.65 87.19 2.41 67.42I+III 9.86 19.1% -21.36 3t -. 54 .49. 28.88 88.12 -2US-6.144
s 3.33 79."
I 1.51 36.17 43.76 M.52 01M ,SS .41 .4S *.96 ,"8.61 2.24 65.94II X37 L.7" 27.31 lig,. 4S. i ,74 .38 .24 16.33 84,51 Si3 79.96111 .39 9.26 -. 46 73.44 _419.4V -. I5 1.63 1t,35 -2.27-64.21 -12.91-85.57

111 35357 99.76 63.14 .89 .63 ,it S9,IS 89.13 14.34 86.3t11+11+111 23.4 66.51 2.21 .88 .13 .12 96.40 89.41 .71 3S,4S

4 v 9 43.81
1 .21 9.37 33.13 242.53 114.1t4 .77 .47 .23 21.54 87.34 11.56 85.316

11 1.11 53.07 -43.29 123.39 1.869 -4.38 .31 5.38 1.89 62.14 .04 2.583III <.1t <4." 43.27 126.S1 -71.22 .91 -. S6 .19 S,68 81.12 -M4.84-86.141+11 -5.63 121.26 58.1i -. 23 .40 1.23 9.61 84.06 2.19 65.421+11+111 12.74 98.84 14.73 .9 .18 ,1i 194.12 89.70 9. U 83.889
7 V 1.31IS."6

I .17 16.13 169.63 368.1i 223.76 .87 .61 .13 26.6 87.15 i 3U96 8S.91
I1 .21 19.75 -3.72 144.42 -1.83 -. 23 -. 11 1.23 4.91 7,45 -,19 -S.31III (.1t <?.68 18.15 146.2S -61.18 1St -. 42 .49 3.90 75.6t -6.36-81.17I+II 52,5 184.19 13.97 .84 .66 .16 31.19 88.t6 11.24 84.92I+II.III 39.49 1,22.73 53.62 .92 .44 .08 139.10 89.47 16.76 86.58
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?ABLE 93. LEAD FROM 01L RE-REFINING WASFF ON DAVIDSON SOIL (A).
NIT.PEPET1. AT,RETD., CW.TOT, CUM.TOT. FRACTION R'T.. DISTRIIuTION COEFFICIENTS

EXT. - TIS FT. C;Wir.p, TP . THIS TOTAL PENET. IN. . SOIL SOI. O11Yt. LAk•h ukCI. ULG/c L'CiG UG/c U¶G QXTR C-NALL. FACTOR RATIO DEC. RATI9 DEG.

W 44, 9.ý 6
I 1 t, -1t.7' 9.89 -it.7 -1.14 -1.14 2.14 6.74 91.S7 -. 53-28.0S

TIi is 21.1h -9.97 -. 47 -. 47 t.47 4.62 77.M/ -32-17.78 I =1io &Z 21i_ 9,91 Hl.i Is • 717 .32 .6 7.71 82.61 .4. 24'"•

4.944 -11.M -2.,i4 -2.1S 3.1S 0,19 87.01 W34.32

4?32 .u3 17.?9 •9.48 17 -.1S ,23S 24.69 879 -it 4- 29. Q

HiMi S 4 1?q.3 .7 12,43957 -51.-.4 0 .5 17.27•75 85,S1 -. 4-6-2417.

i: *,47 13.6 -4.32 87R.0 -3,7 -,89 -.34 1, 9 ..24 It94. -.63-41.12

44,I11 l.5 19.86 -At .f8 -. 13 .92 25.7 14.78 -.31 -t.32

231 .. k3 i-6199. -. 1 .74 .64 .74 -. 29-S2,12II ,44 S., 23 923.1S 7.29 .31 .L5 .69 4,51 7.FS / i.fl 7-449! .:tt ,S.i7 9,? 1.itS -23.n .17 -. 16 1,3 2.70 69.69 -.5,-26,34
.,I! ,9,.76 27.19 .27 . 27 .73 1 1S.5 85.5S .94 2 3.i0.S

rtZ n23 33.1-7.? .2 ,3• .77 2,35 66.,% .97 44.02

Il US t1a4e -97.47 24,76 -8.2.38 -.0 -.14 1.17 $.215 83.37 -.06-20.Q3

1,41 f,7 19.% .9'•.7 -. 35 .18 -.02 .82 1,2.6 $b49 -.03 -9.71

". -9 ,324 9,1 . 6. 1 , -6.93 -119-.61 2.7 .41, 71. -,2 -710,

S 2.n 2 7.58 30..16 -4.3,861. .4t -.12 .57 2.2279 1.&43 -,i4.34

1T ,,4 9..S3.6 -$1.4 41.99, 96.06 -. 24 .23 1.84 .21 76.61 iS. tA 6-.21
14,6 45 . 315.93 12.26 S, .04 .72 3.87 K87? %2,. 15.94A ,..,6 S.r 26.13 . t3 .14 2,t1 .?? 94. 891 . -8 41,27

•',,'•, .7 199.• V, -^ .1 -06 -0 11 "" 70 -2-S

Wj, 2T; 2... .22.43 2 .23 .66 .8 .34 33.79 8 .,30 1 ,. 56 36
ý 2312

K_ ? 107 9 )S66.9 ý7 4.0
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TkLE 94. LEAD FROM OIL RE-REFINING WASTE ON NICHOLSON SOIL (A).

TPIMr.• . ANTR•-rD, CLTGT. CUII.TOT. EMD 1S1UIUUTIIN COEFFICIENTS
IM M EXT. Ct.LC. RET). ms TOTMA. P, E T. IDIa SOIL SMU ONLYi., &AYE UP.. ULM UGMr 110/C UI/C EXTI, CHOMLLA. FACTC RATIO ME. RATI0 DEC.

v 4.94 M.89
i 9.21 L8.41 45.2 7.89 -6.52 -.86 -.81. 1.86 4.95 78,57 -.46-24.94U! W&~ 22A -4.13 11.41 -4603 -.22 -.22 1.22 4.26 76.79 -.1%-11.1toIll 27.56 5-.13 -32.69 22.44 -32.69 -1.46 -1.46 2.46 1.21 S5,.2 -.59-31.6711 -6.27 4.94 6.27 -1.27 -1.27 2.27 17.21 86.67 -.56-29.22• U.I -1s.33 3.31 -15.18 -4.57 -4.57 5.57 15.44 86.29 -. 82-39.37

2 0 M.5 17.556
U-. 9 11.9 6 5VAS 27.45 -2.92 .32 -.11 .68 8.18 82.-95 -. 24-13.7111 4.54 13.62 -t.66 (6.37 -5.69 -.14 -. 19 1.14 6.91 91.75 -. 42-22.67Ill i3,78 32.35 -18.73 36•.•6 -5S1.42 -1.38 -1.43 2.38 1.49 5%.12 -1.59-57.82

1.97 13.73 -4.36 .22 -.31 .79 28.62 I9.31 -.63-32.29-I4I,9I -493 9.15 -21311 -.84 -2.19 1.84 25.85 7.79 -1.96.1,68

3S4 8 5634,09

2455 ±5.32 18.76 61.54 15I5 .55 .26 A4 7.5~3 92.44 1.31145.964., 24.S? -9.21 45.69 -14.89 -.6 -.33 1.66 .,5 7.8 -.6-.Ill 4.77 28.66 -4.17 66.S8 -55.3 -.17 -.92 1.17 1.4 57.14 -1.94-6.74Mi 4.70 33.77 .48 .28 .32 .72 L6,28 86.49 .M" 2.24TY-41vU 1.8• 2151 -19.18 .16 -. 99 .94 29.14 99.15 -1.91-62,33

1 3.68 44,21 13.94 119.59 29.68 .24 .25 .76 2.92 7t.12 .67 33.8611 2.29 27.34 1..U1 99.91 1." .3B .32 .62 3. 72 74. 94 .17 4.14111 4.12 49.53 -22.1J6 97.92 -77.66 -.91 -.89 1.81 .44 23.91. -1.57-57.491+11 15.36 S9.79 15.84 .53 .26 .47 15.73 86.36 1.16 49.20
S!I 1 2.85 39.•6 -15.33 .15 -. 38 .85 17.18 t 6.67 -. 93-42.89

3.33U 79.93I
1 2411 3.5 P-9. 39 199.2 59.39 .37 .31 .63 3.14 72.3.3 1.1t, 49,45S4.1 f&.35 -4@,. 81 13.4S -4.32 -.91 -.31 1.91 .SO 31.7 -. 45-24,46

111 2.73 65S.54 31.80 184.2 -46.86 .32 -. 25 .68 .81 38.82 -. 71-35.S61+11 -8.21 99.76 7.63 -.21 .18 1.21 4.29 76.89 .1U 9.3HZ+4UI i| 4.01 66.51 -11.S3 .18 -. 16 .82 13.19 85.67 -.48-25.74
6 0 .,? 43.31I -81 38.55 4.46 242.53 63.54 .I3 .26 .90 4.23 76.71 1.65 58.76

11 Z2 13.iA 25.37 178.9 -18.45 .66 -. 13 .34 6.16 81.79 -1. 41-54.46
Ill .36 17.14 -3.96 L97.44 -56.82 -.31 -.26 1.33 2U8 70.64 -2.96-71.361+11 14.91 121.26 22.54 .69 .19 .31 33.65 88.30 3.42 73.719.62 81.84 -1.91 .6 -. 12 .40 51.96 89.91 -.33-A9.49

7 3 1131 125.66
S.17 15.94 119.71 368.19 t73.25 .87 .47 .13 17.11 86.66 10.87 84.74i 2.11 203.33 -187.39 194.94 -205.54 -L.,73 -L1IS 12.73 -.32-27.55 -1.01-45.35.I .1 , 9,61 193.43 411.47 142.61 .9 .36 .A5 2S.23 87.73 14.86 86.1S1.11 o38.69 184.19 -16.14 -.62 -. 19 1.62 1.83 63.99 -,16 -9.04I4U.II 38.69 122.73 36.77 .92 .31 .18 934.87 89.45 i1.49 8S.03
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FIGURE 177. WEIGHT OF LEAD FROM OIL RE-REFINING WASTE ON NICHOLSON SOIL (A).
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FIGURE 179. COMPARING FRACTION NICKEL RETAINED BY SOILS FROM OIL RE-REFINING
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TABLE 95. NICKEL FROM OIL RE-REFINING WASTE ON CHALMERS SOIL (A).

.IT.PENE'I. MT.RETD. C..TOT. CUII.TOT. fIRTION RETD. IDISTRIIJTION CUFICIETS
EXT. - THIS EXT. OALLG. RETM. THIS TOTAL PENETR. INCL SOIL SOUl ONLY
i. LAY UG/NL UG/G hG/ UG/C UG/G EXTR. CHALLU. FACTOR RATIO DEG. RATIO DU.

i 0 1.41 2.3
I 6.07 13.33 -t1.51 2.83 -16.51 -3.71 -3.71 4.71 t1.6 46.61 -. 79-38.23

11 7.17 14.34 -1.61 t3.33 -1.61 -. 18 -. 18 1.18 1.64 58.70 -. 17 -4.13
III 21.St 431.3 -23868 14.34 -28.68 -2.11 -2.,6 3.66 -. 19 -5.42 -.67-33.69

1411 -5.76 1.4t -5.76 -4.67 -4.17 5.67 6.16 80.63 -. 81-38.76
1.114111 -13.41 .94 -13.41 -14.2t -14.21 1S.2t 4.21 76.64 -. 93-43.65

2 .21 .64
I 1.4 4.24 -3.&1 3.46 -14.11 -5.67 -4.17 6.67 2.47 U7.99 -3.33-73.27

II 4.24 12.n -1.48 17.57 -9.49 -2.11 -.54 3.16 1.19 49.09 -. 75-36.72
III 7.03 23.U -1t.91 V.17 -39.59 -. 66 -. 46 t.96 -.63-32.39 -1.68-9.17

I+11 -6.4 1.73 -ii.1 -i9. 11 -4.81r 21.11 5.110 88.34 -1.8"t6.47

1101+11A -7.07 1.15 -21.67 -36.14 -13.24 37.14 6.69 61.56 -2.67-69.53

S .54 3.21 -2.73 3.95 -16484 -5.63 -4.26 6.63 2.42 67.52 -5.24-79.21
1.21 - 7.2 -4.66 231.79 -13.SS -1.26 -. 65 2.26 1.2 56.64 -1.8"-t1.79

11I 3.13. 13 -16.41 34.34 -5.56 -t,11 -t.47 2.S -t.4-%.93 -2.71-71.21

1+11 -3.x 1.97 -15.23 -14.66 -7.71 tS.66 9.35 83.91 -4.18-74,54
1*11+111 -5.96 1.32 -26. -36.51 -21.41 37.5 7.73 62.63 -4.45-77.33

4 V (.6s (C1
I (.Is (.61

II ,13 1.53
AU -Si i.9t

I+lIl

The remainder of the tableS I (.15 (1.21 was not calculated becauseI (.IS ( 1.21 of the prevalence of valuesII (J .(1 . below the detection limit.
III21

141 If €•4
6 V ..65 2.42

I (.5( 2.42
II (.IS < 2.42
III (.65 (2.42
1411

l*I1.1II

7 i (.,S( 4US
I (J.S (4.35

II ( .I5( 4.95
11 (.5 (4.85
I+II JS U
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FIGURE 180. WEIGHT OF NICKEL FROM OIL RE-REFINING WASTE ON CHALMERS SOIL (A).
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TMUk 96. NICKEL FROM OIL RE-REFINING WASTE ON DAIVIDSON SOIL (A).
MIT9E3.ANT.aEF. cW.Tut. cUN.TCT. = UKl jEjj DISTRUUTIIW tMEFFcInTo. msTM.1 D. L. NETS. THIS MAL PR. Imm SOIL SU OYM. LM UG/C It" UG/C UG/W C94. CWS O. FACTOR RATIO KC. RATIO KEC.

1 2.1 5.2S -2.42 2.63 -2.42 -. 86 -. 86 1.86 2.53 48.42 -. 46-24.78U 2.93 5.34 -.8 1 5.2S -. l1 -. 12 -.12 1.12 2.51 1.7? -m? -s.9tM 3.33 4.47 -. 17 S.36 -. 01 -. 14 -. 14 1.14 2.23 65.8? -. 12 -4.911411 -1.1 1.41 -1.S1 -167 -i.r7 2.17 11.21 84.41 -. 2-27S5l411.1l -1.2 .94 -1.23 -1.36 -1.34 2.34 ••6.2 .22 -. 2-29.93

I .9 1 -27 .1 346 -4.48 -3.24 -1.2? 4.24 4.14 76.46 -1.4&.5.0uI .W 1. 1.4 7.5 1.61 .L1 .13 .39 15.73 6.37 .07 44.17U 2L6 6,14 -S.68 4.02 -S.6t -4.71 -.14 5.71 1.43 S6.51 -.9A-43.781411 -..1 1.73 -1.73 -. 67 -1.66 1.47 55.%4 M." -3.1ra-72.?I*Ul*I -1.61 Isis -3.19 -. 52 -2.47 0.52 21.79 7.37 -1.S3-%.U

1.72 11.31 -9.12 3.5 -14.36 -21,3 -3.42 21.25 .14 7.73 -t.30-u4,2!A,.4 3,44 6.&7 13.5 7.73 .65 .4 .35 4.43 31.17 2.12 64.71M 1.21 7.27 -3o64 16.5 -9.44 -1.66 -. t 2.66 .86 46.71 -1.31-2.41
1.1 41.2 1.97 -3.36 -4.9 -1.47 7.51 15.46 34.31 -L."-4.17I+U+UI -2.6 1.32 -5.35 -0.11 -4.M6 - iS. 17.22 86.61 -2.251-45.4

4 9 (.is (4it
I (JS 0.411! .13 1.53

Ill .5 3.13

1.11.11a

c.isct.21S(.As (1.21

1411

7 v .65 (2.SM

I (.is (242e

UI ( .5 {2426

II •S. (4.05
I (II . (4
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"" tKIE 97. NICKEL FAM OIL IE-REFINING WASTE ON NICHOLSON SOIL (A).
,tr.Prowe Mw.Tl . M.MTU. CtmUT, ijilimiaT ICiEnS------- ,mWI EXT,•w OC .R,, TAM .TOMP P0 SI OLYWa. LAI Vw. am wax EM RATIO K6. RATIO DM.

I 1.41 2.9
4.44 0.89 2.,3 -4-M -2.t4 -i. 3.14 2LU 64.14 -. 0-34.21S 4.14 I12.3 ,3.4• LIN 3.43 -.J -.39 1.39 1,731 5T.% -.21F-5.57
41 4.24 6.41 3.34 12.32 3.14 .X .131 .49 3.33 73.28 .,5 24.341,ll -4.7. 1.41 -4•7s -3.34 -3.36 4.34 7.15 12.14 -.77-37•,4114'|I+°U, 4-.09 .94 -1.39 -2.101 -2.II 3,1@ 25.2287.,3 -. 67-33.69

I .oil ,f.4
IL.2 5.-4 -4.82 3.46 -16.3 -7.47 -3.14 3.57 2.41168.13 -1.99-Q3.37

U 3.n 9.71 -4.24 14.34 -. ,1 -.71 -.54 1.73 1.72 SPA -. 79-38.37Iu 4 14.7 -P'," 16... -3.43 -.75 -.16 1.7 1.24 S.92 -..1-11.44I*U .4.3 1.73 -9. -14.24 -,S.3 1iS.24 ,.15M.1 -1.91-2.4lI+llili -5.44 1.. -7.33 -5.47 -4.35 21.4 11.6S IS." -1.30-2.34

3 1 .0 .*4
.1 As D -. 79 3.91 -13.47 -571 -3.46 6,7 3.2373.S -4138-7.631 o1 6.67 -'3.3? U-.9 -1.87 -1.14 -. a3 2.34 2.91160.43 -1.i4-.94M o.1 IL7 12.7 ,6 3.6 -9.4 -. " -.33 1.9 1I, 47.51 -.75-36.72Ii ..4.19 1.97 -92.37 -12.7 -ilk 13.7 16.I3 24.,77 -3.71-74.92I+.UU[ -4.12 1.32 -11.41 -S.2S -4.67 U.S 14.57 34.17 -2.69-69.11

, • (.as (.u I_
u .23 2.42.
u! .44 7.441,III

I (-is(L.21
U v .,,, 1.2,II .I6 (±.?t

I •.I <2.Q

C ( IS 2.42

•÷I+IU*

7 V (.IS (4.5
I (.A (4.5
1 ( .JS (4.IS

III ( JS (4.15
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F OIL -REFNUNG ,ASTE ON CHALMERS SOIL (A).

I.-" CN CAJ, rz' , I E"h TI jNhL PLKIRET. GNUI VW

UV,';; U L C/ W UC/C EQa. C"1G F4V1Z RATIO DEC, ULP I W EG.

1,',* 110. -16.86 -9.11 -9.11 16.11 4,76 78. 3 -.M8-42.02
71 8,1 i7~t 1,24' 18138 j.21 XG ,07 .93 61t3 80,•w .07 4.04

21. 7 V. S7 -4 .44 17.V7 -. 4, -2.3S 3.3S MS 1.i VMS -.70-35.06
A ,91 -7.68 -8.44 -8.44 9.44 23.33 87., - 89-41,81

-18.sR .64 -M8.58 -316.67 -31.67 31.67 is.29 86.26 -. 17+-4.18

I 3.V4 iLE -1iM 24.2 -27. M -1H.82 -9.72 11.& 6.48 81.23 -2.32-6.66
II , ;5,19 -V.1 1 A .20 -6. 97 -.69 -. 23 1•6? 4.95 78.35 -,35-19,21

HM i,# 31.4; -11.01 .•,7 -•'• -. 4 -1.36 1.51 1,79 69,77 t -, 9-S9,24

VT~ -9.51 1,41 -it 10.11 -12.19 'J. 8 19.12 V7.10 -1.72-S9.79

!4111-9.67 .94 -2.M -_". 16 -33.98 36,86 28.38 V. 9R -2.83-76.51

I , S, -.15i 3,•5 -32.53 -?.68 -9.i8 8.08 12.16 85.31 -5,53-79.76

I 9,?1 53.0 -41.2i 54Ai4 -4ft.61 -2.43 -L,65 3.43 .2i 12.13 -i.57-57.S8
.k+ "8. 1.71 -2S.31 -Z2,33 -14.27 23.33 21.54 87.34 -2.98-71. 46

191+ iI 3. -i47.4 -77.,890 -4.5It 20.11 13.6 7K.81 -2.44-67.75

+ (,iS (1.2±

I'I
ILl ,ta 11.03

S V t,- z" i.o The ,-emainder of the table
Se was not calculated because

42 ( of .iw ptvvalence of values
b1.4z the detection limit.

1011

Hu 3

< i . 3S••,

1*1141

I+3I2

326i °



UJG/G JG/G
0 o

qu..

EXTR. EXTRO

• 5. •

XT.8 0

05.

@0

0, 0

EXTR. EXTR.

Liu ý7 do L

EXT-. EXTR

4a.

w I ii ITT

FIGUkE 1,85. WEIGHT OF TITANIUM FROM OIL RE-RELFINING WASTE ON CHALMERS SOIL

(A).

327



TABLE 99. TITANIUM FROM OIL RE-REFINING WASTE ON DAVIDSON SOIL (A).
AMT.PNI1'I. ACT.IETI. CUKTOT. CUNJ.TT. FMTIN RIEM DIST'IINTIO( COEFFICIENTS

EXT. - THIS EXl I.LWC. RMI. THIS TOTZ. PE801l. INCl SOIL SU OILY
WM. LYl W.flL UMi ULIGC tc/c UG/C OExi. MU. FACTOR RlA10 EC. RATIO DC.° , I 16

-I 85,9 171.91 -701.18 1.82 -176.08 -0.-56 -73.56 94.56 6.62 8141 -.99-44.71
XI 65.6 171.89 i.11 171.91 j.e1 .11 .11 .99 7.66 82.56 .81 .34
111 57.27 114.53 56.36 171.89 56.36 .33 .33 .67 11.91 85.21 .49 26.21

__.1 -4.54 f -64.54 -93.11 -93.11 "4.11 29.63 99.17 -.99-44.69

I 19.3? S2.15 -57.19s 2.92 -22.26 -57.19s -61.65 51.1 19.5 9B 6.92 -3.91-75.'64
II 35 • 11.,7.97 -97.24 l.S -4.91 -9.17 -.2 if., 17 .S 85.13 -.39-1.7

-I11 -4.06 1.41 -49.34 -9.61 -63.41 i1.61 476.SO 89. N -46.95-96.61
111+111 -35.62 .94 -7..19 -166.96 -77.92 IN.. 117.11 89.47 -2.,4-63.84

3 U .12 .73
SU6.9 365.42 -364.69 3.55 -591.95 -511.S5 -166.98 sit. 1.96 62.96 -1.62-59.31

II 4.67 41.01 32.42 595.50 374.01 .89 .63 .11 42.I5 88.64 9.35 83.90
IU 13.51 8t.-2 -41.21 221.49M -8.11 -1.13 -.37 2.,3 IS.1, 96.21 -1.01-45.32

1I11 -19.63 1.77 -110.97 -54.18 -61.48 55.06 i•36 99.54 -5.4S-79.61
I+lI+ulI -2&.S3 1.18 -913.12 -111.67 -64.64 Ill. 1t4.27 89.59 -3.71-74.86

4 N (.11 (1.21
I .13 Lsr -. 36 4.76 -5M2.31 -.31 -i24.51 1.31 454.23 99.9 -3M.93-99.85

1I .86 11.31 -4.73 S97.07 365.218 -S.S4 .61 6.54 162.42 99.65 35.46 88.38
Ill 1.62 19.39 -9.19 231.9O -9t.23 -. 88 -.3f 1.88 62.75 899.9 -4.71-79.18

!+!! -4. 2.• 3 -113.52 -'.SO -7." 4M;. 2 89.•86 -22.64-•7.4i
Ilel-.16 i,9 -06,.18 -15.11 -6 6.9 16.,4 S91.6 89.96 -46.4i-86.Si

5 v (.1i ( 2.42
I (.i, (2.42

11 (.11 (2.42
S11 (.l 1 ( 2.42

I1I1

i ~(.10 ( 4.85
I i.1, (4.05

I ,i (4.8S

111 (.A, (4.65+• 1+11
S 141(+111

7 N 0.16 (9.70

i .19 09.42
II (.1i (9.71
III (.if (9.73
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TABLE 100. TITANIUM FROM OIL RE-REFINING WASTE ON NICHOLSON SOIL (A).
mT.PEETR. MIT.RETD, CUHTOT. CUIITOT. FRACTIMh RETD. DISTRIXITICO COMFICIEIITSEXT. - HIS EXT. MALLS. RI. THIS TOTAL PEN'TR. IN SOIL U OLY

Hi .LAMI UWw"L UG/c Ulw c UG/ C EXTr 4•, ... .. . .KI O L O l Oi. AR /C •Cli. CIW.C. FACTIO RATIO DE. RATIO DEC.

1 2091 4,91 -4.1.1 1.82 -4-1.3 -22.60 -22.00 23.11 1.87 61.81 -.96-43.73U 41.31 82.62 -4,8 41.81 -4.81 -. 9 -. o 1. .93 43.16 -. 49-26.28
111 21.41 42.82 39.79 92.62 39.79 .48 .48 .52 3.68 74.82 .93 42.1II-40.44 .91 -40.41 4 44 -44.44 4S.44 4.74 78.07 -." ,44361141+.111 -13.47 .41 -13.67 -22.56 -22.56 23.56 23.84 97.61 -,9" .76~2 ,33 1.00
1 4.24 12.73 , -1.73 2.82 -51.22 -11.73 -18i3S 12.73 5.21 79.13 -4,16-76.196.V 20.60 -7.8. .4..4 -4.68 -. 62 -. 16,2 3.36 73.45 -2.3667.6ISJS 46.16 -MS.AS 113.22 14.34 -1.24 .14 2.24 2.87 71.81 3 17.31-9.8 1.41 -51.21 -19.61 -35.63 20.61 18.64 86.83 -4.87-78.40

I+U+III -iS,12 ,4 ý.28,69 -.45.16 -31 ,.54 4A. 6 21.,19 V.,31 -1.87-61.9S
3 9 .12 .73

I 1.21 7.27 -6.54 3.5S -58.27 -9.01 -16.44 1l.l6 8.21 83.16 -. 11-62.9II 3.23 19.39 -12.,12 61.81 -6j.8" -1.67 -. 98 2.67 2.95 71.27 -3.14-72.31III 8.79 52.72 -33.33 12.61 -18." -1.72 -.15 2.72 1.88 61.97 -.3r6i9.81I.1I -9.33 1.77 -9-,S9-5267 -33. 5 26.67 18.20 84.86 -6.14-8.7S
1.18 -46.12 -71.51 -389-4 72. 07.52 86.73 -2.62-69.il

4 V• 1,R (1.21
1 (.1I (1.,1

II .71 8.36
U! i1.1 M12.1

I+TII+II+III

,iI (2.42
(.9I (2.42II { .11 (2.42

I+II
6 V (,1l (4.85

I (,1t (4.85
II ( .11 (4.98
Ill ,it S.33

7 -(,10 (9.71
1 (.11 (9.73

II (.10 (9.71
Ill ( .10 1 9.71

I+I3I+II+1I1
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WASTE LEACHATE (A).

333



TWA 1O1. ZINC FROM OIL RE-REFINNIG W AIE ON CHALERS SOIL (A).

UT. - ThIS W. oW.LC. 3E. THIS ToTMl. MEJET. MN. SOIL W0. Oki
um sm1 kmJI UwGI/Sc UM/ DR. ON"L. FA.TM *RATIM R ATIO 3EC.

I ML .74 U5.34 imt.N U5.34 X0 .17 93 Aiz 6A& .18 4.59
SV ,,, 414.. U .74 U4.0 .3 .3 .64 .3 2-•2 .57 29.7

V4.7 9U.l -- ]V,1 to 4 .7 .41, .41 .59 . 93f 42.79 .713 4.94

-12 64.6t ...2 -. 2. 2 .1 .668 0 .U5 - .59

W. OU. 4 -. 3.1 M,.46 -4.,4 .32' -.61 1.32 .11 5.7 -.-1-.40
1I 416. 248.L4 -46o.U 2.9 -66.2 -. 5 - o12 .I .4 -.. 4 -2.4t
Ul W. 11W. Th -M. 2M.02 -10.24 -.22 -.44 .22 -W32.0 -.-- 34.••n-- -M=." U3.2.3 -U.28 4. -• . 2 2.A I.S 8.8 J..•S

......#11+111 -U.9 %.5 - , -2.4 -.4 3.45 -. 5-19.29 -.71-3.S4

I "74.11 9. -W.64 0.95 -113K -. 97 -. V7 1.57 -.2+4-3.32 -.37-21.V911 ,,.fn.N -W.- m a., -31.1 -.% - .u 1 . -.-% -.4-2-3.0
""W l.,l u ',o.78 W.1 -1M9.02 -. -. 57 1A.134.61 1.23-I.84

.ibu -WIKN 0199." -a6.* -1.45 -. 19 2.4 -.33-14.64 -.60-33.0
Z* a 40-3.46 .32 1 7• 3 U -.0 3. -. 86 4.3 1 i.7-,957 -t.S7-,5,2

I .. 1.l.". -13.33 2.. '- .4 -. 13 -. 7 1.13 -1.1-4.3 -..
11 18.18 =5.1A -%1.17 55S.0 -40.24 -.82 -. 14 1.02 -1.59-5.0 -1.87--1,,.

1+U -5.7S• •3. -VS. -1.45 -. 22 2•.5 -1.51-94.5 -2.11-69.76
14U.U1• -02.3 6N.37 -415.N -2.33 -. 92 3.33 -S.33-9.3 "4.8-61.'74

5 9 , 1.1 6.36

1 1.- U,41.t -4.1 2MA2.94 -i.26 -. A3 -. 17 1.13 -:.17-71t.9 -4.57-77.65
1 2.6 4.4. -?7.2 68W1.23 -41S1 -.1 -.14 1.18 -7.30-9.22 -9.57-0.35

III 4.• 0.0 -"0.60 33M1.74 -1i9t1. -1.25 -. 5S 2.25 -17.10-i.•.3 -i?.75-7,74
1,11 -4.10 1351.46 -3i1.39 -.33 -. 22 1.33 -7.34-62.26 -U2.41-0,41

I+411,u1 -24.24 9N."? -4W12 -2.11 -,3 3.11 -19.11-M66.2 -23.i1-6V.2

6 v .32 1S.51
S . 1.K 1.45 718.4 -,.8, .19 -. 17 .91 -8.89-3.58 -10. .70

u 91 43A6 -29.57 2M1.29 -445.09f -2.19 -. IS 3.13 -0.78-63.51 -11.21-84.40
11 .69 U.97 11.7 3M.37 -15.91 .24 -. S7 .74 -5.94--8.91 -5.9-.,1
11 -14.1 13.24 -35.95 -1.91 -. 23 2.31 -6.82-03.53 -14.48-6U.5

I*U+III -5.32 9614.1 -045.94 -1.12 -. 93 2.12 -64.11-063,5 -76."-09.26

7 v .3 22.31
I .14 13.57 0.73 2741.78 -178.18 .39 -. 16 .6t -8S7-03.34 -3.12-85.44

A* 32 11.64 1.94 2918.86 -443.15 .14 -. 15 .86 -32.79-06.25 -38.1"-09.56
111 .19 11.42 -§.-7 n.6..1 -1it9.70 -.58 -. 57 1.58 -101.47-89.43 -i03.82-89.45

1+11 S.33 1371.39 -31l.b2 .48 -. 23 .52 -32.15-689.22 -5,3.3-88.93
1+1111 1.29 913.59 -944.64 .17 -,.4 .83 -107.35-9.47 -137.55-89.58
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TAHU 202. ZINC FPM OIL K-REFININ. WASTE ON DAVIDSON SOIL (A).

Kuz ~NT.PM .5 11.TI. OIP.lM3. C&TO.1T. M MSTIIDIJTIM OI C~VCemmu
-. TitS CkT, OW. LO . KtM, THIS TOTAL P9(1t. 1D.a SOIL SW MLY

Wt. W2 em I" c WG W Eiat, CW S. FCTI RATIO KEC. RATIO KG.

I H2L+f A 179.71 .11 .11 . .14 .12 .11 6.23

M jig .14-41042 0.14 -416.12 -.51 -.51 t.51 -.29-M4.26 -.34-0385U ~ q , 41mIr .1 164.3 62.1 .38 .56 .54 1.37 4.2 1.3, 45.8

sI.97 13.4 3.5 .55 .45 1 .495.11 1.22 s.a,.
191.94 0,.49 15.94 .32 .2 .63 .7 41.17 .4725.39

S+ 1. 1.4147 44L431
I MAI 3Li -34W.U4 21,46 -.U-1.3 -. 14 -.-U 1.64 -. 17 -9.43 -. 23-13.16
M 64.34 1tG.6 611.41 201.34 0421.2 .76 .59 .24 7.73 12.6 7.4582,36

IUl 39.M1 MA1 -7.1.64 1i1U.746 -U179A. -3.5 -1.19 4.95 -M.17-0.46 41.23418.94
l.11 124.3 1 •134.23 8.35 .5 .55 .44 7.61 6.51 .47 61.21

I.U.IU -M.71 75A.15 24.24 -1.U1 .13 2.11 .5 31.47 .N5 4.34

3 DII4L
I W 4 4-M.1 5".9 43. --".34 -.36 7.34 -. "3-.2 -.95-43.41uI 6OL S39 iM].IS 46M.51l ZNLG .72 .45 5.1271.73 ,4."3 70,53

KU 141.48 91.14-=3V 11.15 -M.5A -.41 .96 1.4I -1.53- -4.6-1.S9-7.82
1,11 %.%5 12MY 449.,4 -1.03 .37 2.3 1. 162.42 1.5S57.18

Ifll*UI -0.6 MR3, -213.A2 -2.35 -. 24 3.35 -.42 -4.81 -. 03-32.18

I 5* iA44 2 2.42 UIUM -OU4.21 .12 -. 77 .9A -19.3417.11 -19.'HT,318

U 13L131 I576 -9.33 4?i7.11 292146 -,A1 .A2 i.51 i8.9 16A.96 1359 6•,92
it"sM-_0m. M47 -,is 1.15 -5.5579.34 -5.77-69.14

Ibu -5.4 1M.31 443.195 -. 46 .33 1.46 7.33 81.91 S.64 79.94
I#LT+Ul -"M.1 W1.8 ,-M.63 -1.74 -. 31 2.74 -I.P'•"5.95 -2,734--6.8

s v 1.55 w6.
3.44 10H -9.33 V6A -2.9-24.44 -1.47 -. 77 2.47 -22.74-87.46 -23.354-7.5

It LU M114 14.54 4M97.9 2943.45 .ib .61 .84 39.91 93.54 39.17 98.54

U! 2.93 7.31 4.IS 02n.6 -1679,93 .66 -.91 .94 -23.12'-V.52 -23.9W.67.1
lIn -MI.R 1 .I4 424.55 -t.17 .31 2.17 14.23 IS."9 li.31 84.94

I+,IU#I -il.31 "66.9 -27.94 -.73 -. 31 1.13 -4.79-78.19 -11.82-05.16

1 .6 1t-3i -3.80 2918.45 -2"91.12 -.25 -. 77 1.25 -165.374-.46 -M,621-09.47
n 44 Mwtl "-.31 W61•09 2M3.34 -. 33 .61 1.33 Ut6.46 89.51 114.32 09,S1

.73 74.91 -9.21 LM.5 5-M619.14 -. 36 -. 9" 1.36 -44."2-69.78 -48.39-69.82
1*11 -5.69 1M39.24 419.46 -.64 .31 1.66 41.21 38.61 32.65 98.25

I+IUUI -6.46 9h6.11 -M.341 -1.25 -,3 2.31 -U1.18-84.39 -24.36-87.bS

7 .23 22.3
I .23 22.3 .01 270.78 -2198.42 .11 -. 77 1.10 -91.63-9.37 -94.18-89.39

UI .21 11.39 2.1 4839.19 29431.2 .13 .61 .87 154.46 89,63 151.62 89.62
III .19 16.42 .97 1I9,94 -1688.i8 .85 -.89 ,9S -8,8S-99.3S -91.64-09.37

loll 1.45 1376.39 421 .l 13 .31 .87 S4.76 88.95 43.41 88.68
I1I+11I 1.29 913.59 -22.1i .07 -. 31 .83 -19.07-87.00 -4S.94-88.7S

336



,•. 8UG/G UG/G

EXTR., EXTR:I

la a"

UL df-U

""EXTR ZA EXTRr.#
*.UL

3. a'." . ~ A*

ksx~z~ EXITI ]1I

EXTRr 0
4.

N I II i
FIGURE 191. WEIGHT OF ZINC FROM OIL RE-REFINING WASTE ON DAVIDSON SOIL (A).
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TMLE 103. ZINC FROM OIL RE-REFINING WASTE ON NICHOLSON SOIL (A).

M -IT.PIOT. MOT. ETD. C-I.M.TVT. CM.TOT. FtACTIUW RETD. DISTRIIBUTION COEFFICIENTSaIT. - -M EXT. UP C .C. Uh. "THI' hMAL PE1XETR. INCM SOIL SOLN ONLYU- -lllUMI. UG/ UGC -QC U CXII U-. FACTOR RATIO DEC. RATIO DEC.

u 7798. .44 2U.64 192.. 266.64 .1S .15 .S .22 L235 .17 9,71U 611 .34 15.is is."44 31a.1i .2, .21 .8, .31 1_79 .2 14.11
III W- 7M,1 46.66 1246.34 471,66 .3 .31 hz .71 35S.t1 .61 31S.2#11 1X 3. 913. 4 M3.7 .32 .32 .68 .71 35,19 .47 24.191e11-111 356.13 683.69 35g.13 .5 .58 .42 2.22 65.77 i.35 53.56

0 147.46 4Q.3I1 2.mwM.1 M. 2 M.46 -133.32 - -. .9 -. 17 -3.7 -.16 6-."U 4 : om1m,.1-M." MI. 4.0 -. 4 -. 13 1.47 -."1 -.28 -. 17 -3.74
l 9Q -3141S.14 2412.3 3SS.S2 -. 10 .14 1.19 .32 176MM6147I.U -396.93 1134&U -167.66 -1.79 -. 2.79 ,7 3.X 4 -. 17 -9.83IUUII -331.l6 75A.I1 47.13 -2.65 .6 3,65 .68 31.3A .11 5.973 3 41.53311.49

7 7.77 4U6.62 -175.13 205.9S -3M3.45 -.1U -42 1.46 -.58-26.66 -.66-33.47I 13.3 7.U -M.10 M3 .40 -41.93 -. 0 -.14 I.4, -.42-22.55 -.51-27.3U Mu044 ft. #4 3.,3.31 140.48 -.26 JS 1.26 .231 2.72 .1 3.SS.1 -•2 U4 19.7 -355.22 -01 -.28 2.76 -..- v..s, -. ," M,.,I*,aIU 5...2 I.D32 -186.A -2.41 -.22 3.41 .11 6.44 -.51r29.0

4 V U .89 116.66
1 15.35 184.2, -77.57 M6.MM -311612 -.73 -.14 1.73 -1.69-"9.38 -2.10-4".49'. II 22.32 17.15 43.63 365,.6 -41S.41 -.45 "-.1 1.45 -1.53"6.91 -1.141.12III 3717 41,86 -16.i6 M.211 o33.- 3 -.61 ",! 1.6 .99 5 2 - A -4.1411 -43.- 6 U33,31 -435.82 -I.5I -. 33 2.51 -2.14-64.92 -3.25-72.92I*II*I" -114.74 31.l7 -311.72 -3.23 -. 34 4.23 -. 51-27.23 -2.11-63.52

5 U 1.52 36.31
1 1.42 43.43 -7.27 2732M96 -393.29 -. 21 -. IS 1.21 -7.31-M.21 -9.11-Q3,6711 4.S 111.71 -7S.14 319.26 ..- .75 -1.72 -. 18 2.72 -4.19-76.27 -4.72-7•.1411I 11.1 242.4 -123.62 3657.61 -157,16 -t.841 -. 14 2.34 -. 34-19.77 -. 6,.-32,96I*U -41.21 13S1.43 -477.21 -2.27 -. 35 3.27 -5.51-79.72 -8.03-82.91lIIUsI -61.4 " 916.99 -371.40 -5.67 -.41 6.67 -1.81-6144 -4. W-77.69

6 N .12 1s.51
1 .42 21.36 -44S 2718.43 -398M14 -. 31 -. 15 1.31 -15.88-6.48 -09.5S'-5 ,17u .52 24.72 -4.36 3116.62 -565.12 -.21 -. 18 1.21 -19.83-87.11 -22.86-87.47III 1.S2 72.72 -46 ) 3601.73 -2S.15 -1.94 -. 16 2.94 -1.79-64.84 -2.82-71.48141 -4.61 3"9.24 -4k1.63 -. 59 -. 35 I.S9 -26.86-87,.7 -38.96-08,531.I1.I11 -19.67 9M6616 -389,47 -3.69 -. 43 4.69 -6.9-61.6S -16.7-86.44

7 .23 22.36
I .11 7.76 14.54 2741.79 -383.66 .65 -. 14 .35 -39,81-M8,56 -49.45-8.84S 1,62 153.14 -147.38 3124.37 -712.49 -19.03 -. 23 21,66 -4.11-76.33 -4.5S9-77.72III .32 31.63 124.11 3836.37 -61.14 .8, -. 12 .21 -.-20-U.38 -2.61-69.0I1411 -4.42 1376.39 -486.35 -5.96 -. 41 6.96 -S. 14-78•98 -7,07-Bi. 941.11.111 -2.9t 913.59 -392.38 -. 39 -. 43 1.39 -1b.24-86.48 -37.94-88.49
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TAKLE 104. BERYLLIUM FROM OIL RE-REFINING WASTE ON CHALMERS SOIL (B).

ilT.PBfLW. NT.lET). CUW.TOT. CUJ.TOT. FbI1!,ET9- DISTJIIIION CEFFICIjNTS
-1T. THIS EXT. OH.L&. R . T1IS TOTAL PEBETR, INCl SOIL MUl ONLY

NI. I Ill =6 UG/6 U9 15" DRL. COK' FACTO RATIO 2G. RATIO DEG.

•-.,• . . ..... . 01 . 1

X ,2 , -,57 .02 -.57 -29.61 -3.1. 29.06 2.96 71.34 -. 97-43."9

II .3 ,73 -,14 .59 -414 -. 24 -. 24 , 14 2.r 71.38 -.191, i00

SI .43 .P1 -.1 .73 -. 14 -. 19 -,19 L.1V 2.49 68.08 -.16 -9.2S
1.+11 -. 35 .6I -.35 -ll35 -3s.60 34.00 11.68 v5.II -. 0.-44,19

-•""tI* -,9 .1 -,29 -2.60,,I -.42I11 43.U 2.859 .049 -. "9-44.33

2. . .614 .03 II
bu

SThis experiment terminated
after the first extraction

r .01 • 'of Chalmers soil.II

4 0 oft .12

•, • ~~II I ,2141*1i11
- .11 .24

I+1

.6ll jo

IIII

IIII÷II

!Fu ,or .._,7

i: I
IIl

,!.348I1
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IAMLE 105. BERYLUUlM FWJM OIL RE-REFINING WASTE ON DAVIDSON SOIL (B).
MK.91h.M~.RrD ON.TO. CWTUT. M m DISTRIINflON COUCIENT]AM. -j m . s. noh. ion~ Tol pevuT INC OL soOU ONLk,ý wif %a US/C WS/ WS/ kWG EX7R. CMJ.. FVTU RATIO DK6. RATIO DEC.

U 1 .26 -.24 .62 -.24 -12.81 -12.16 13.11 1l6.9 84.66 -.92-42.71U .17 .34 -. a8 .1% -A0 -.31, -.3± 1.31 345 83.46 -.24-13.24
IU 1s .:u .44 .34 .44 A 1 2 . 82 a U±.2084.43 .1 7.5S9

U~ -1 .61 -. U4 -U113 -16.66 17.16 34.39M9.34 -. 94-43.26

1 .64 412 -.19 A3 -.33 -3.36 -4.46 4.66 22.42 V7. -~ -2.75-71.12I

. 1 1 -.14 U1 -.12 -4.616 -5.18 5.66 8.1U 83.32 1.96-62.24
,4 .4 .2.4, .3 -.h# -.47 1.61 5.42 MIRc -.67-33.69

~4U-.21 .16 -.45 -7. U -8.6" 8.11 23.31 V7.54 -1e6.4MIMl*I -.22 .64 -.44 -11.10 -0.73 12.6It 36.1109.41 -1.44-58.41

4 ft.3 .12
*1 .11 .1 .10 .23 -. So .13 -2.48 i1.6 21.42 87.20 -4.75-78.11n .12 .24 -.12 111 -.44 -1.63 -.55 2.63 11.75 84.69 -1.WW6139

AL .4Lj -. 14 .12 -.51 -1.69 -.439 2.10 4S.12 79.79 -t.11-47.03

-aiU .1 6 -. 92 -3.13 -6.73 4.11 S3.41 98.93 -3.21-72.69

I .11 .24 -a .47 -.3 .#1 -4.21 1.16 19.21 84.41 -2.38-71u As~ 24 .13 LAgS -.44 .11 -.42 1,11 10.75 84.69 -1.83-61.39Ill .11 .24 H0 1.4? -.S4 M6 -.36 1.66 11.37 84.49 -2.2t-65.64I'l1 .13 .24 -.51 SR6 -2.15 1.66 44,12 88.76 -4.21-76.63I4UflII .1 .1& -152 .11 -3.28 1.16 136. 83 89.46 -6.42-81.14

I .31 .48 M3 %9 -.58 .63 -.46 1.13 S. 16 78.91 -1. 19-49.9111 .61 .48 .66 1.5 -.44 .63 -.29 1.33 5.37 79.46 -.92-42.51'All -pt .48 .16 1.9" -.S4 .13 -.27 1.86 5. 19 79.09 -1. 10-47.83
S1:.33 .48 -.51 .18 -1.66 1.01 2~.1.6 97.52 -2.19-64.58ItllX.31 .32 11.52 .16 -1. 62 1.16 53.41 88.93 -3.21-72.69

1 .1 .97 .1 1.93 -.58 .1 -.36 1.60 2.55 48.60 -.59-31.7111 .1 J .66 2.51 -.44 .66 -.1 1.91s 2.69 69.59 -.46-24.6211 .1 9 .S3 MS9 -.54 .36 -1 8 1.s 2.5l9 68.91, -.55-28.90141.61 . -.51 .36 -. S3 1.66 11.,53 85.614 -1.05S-46.45141 1.93 .64 -. S2 .66 a.8 t1.6 26.71 87.86 -1.66-58.36
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_TAU 106. BERYLLIUM FROM OIL RE-REFINING WASTE ON NICHOLSON SOIL (B).
'T"PUM. AlTIUD. 1UM-TT. C' TOT. F, A j RE DISTRIDPJTION COEFICIENTSIXT. . THIB EXT. O, U. RT. THIS TOTA7 L"U INCl. SOIL SOU. ONLYLug L M C C / U"/C EnTR. D ,L. FACTO RATIO DEC. RATIO DEC.

IB .11 612
S.34 .0 -.67 .62 -.67 -33.06 -33.11 34.01 3.76 7S.11 -. 97-44.14u .44 AN -.2 .4 -. 26 -.29 -. 29 1.29 3.43 73.74 -.2-12.80111 ." .7 ,A ,9 .A1 .18 .19 .82 4.69 77.97 .22 12.53

-. 4 .11 -. 43 -43.11 -43.16 44.11 U3.45 65.91 -. 99-"4.34I*Z!+UX -.24 .11 -. 24 -35.11 -35.10 3.10 39.25 98.S4 -97-". V4L

I I A0 .03

, .1 ..3 -..- .15 -1.,4 -11.,, -.. ,, 12.66. 2.19 85.32 -2.7S-70.12,1 al3 3 -.13 1.3 -1.51 -.,3 -.43 1.33 4. R 76.35 -. 76-37.10i "M 1.5 -.1. 2.5 -.12 -. 27 -.01 1.. 3.814. 24 -.12 -5.55l.1 .32 .6. -.35 -21.11 -25.6 22.11 7.4 e2.57 -1.6.-4.3%

Id'fUl5 -. 27 .64 -.9l -23.16 -26.27 24.618.1 66.684 U.2.54

3 1 A .1 I, .62 .3 -,6 , --1.77 -1.6 ,0 7.76-S, 1210M 2.18 65.9 -2.23-.243

1 , ,41 ,-4 2.62 -,135 - 1.06 -.8,i i.6 3.91 7l.,4 -2,7'-73.29

U .24 1.6 -.-1 . 1 -.. - -.79 -. t5 1.9 2.1,4 64M -. 10 -5.55

Man? -.46 .14 -1.97 -93.66 -2.52 24.61 28116.34 8.94.4 12

I .1 .M4 m1 .247 -1.79 1.61 -3.77 1.11 6.3 6S.59 -7.38V.-229
u .01 .24 -.2 2-. -1.35 .11 -. 0 1.6. 7.. 2.7 -2..9-79•., . .X M .40 3.42 -. 7S .-U -.2P 1.6 6.32 94.47 -3.c--.,

U#1? .I2 -1.s7 .Io -63.2 4 1. 6 20.6.59 -12.9t1-5.2I+1,U1 .00 .1N -i.36 .16 -8.19 1.16 164.3 87.45 -1464.43

1 .01 . l4 .1- .94 -1.79 . 6 -1.8 1.11 6.13 7S.a -3.69-74.83II .61 6 4 .A 2. -1.35 .1 -. 49 1.16 3.91 R32.4 -2.759-79.
In .11 .24 .ll 4.16 -. 75 .11 -. 18 1.66 5.1. 794.4 -. l54-57.131#11 .1 .24 -1.57 .11 -3.27 1.11 26.34 97.18 -4.41-6.2314+11111 .6U .32 -1.38.6 9 -1.15 1.11 52.31 89.9S -6.124-.86

7 .t1 .47
1 .9 ., 1.93 -i1 -i.-1.79 .66 -.98 1 1. 11 4-61.8311 .11 .41 .01 3.72 -1.35 .11 -. 36 1.1, 1.9M 62.92 - 1.4,-24.3

11 .h1 .48 .00 5.17 -.75 .U6 -.15 1.6I 2.59 78.18 -. 77-37.131+11 .It .96 -1.57 .1t -1.27 1.11 21.34 84.38 -3.24-72.25

I+III .66 .64 -1.38 .16 -2.12 1.66 26.iL1 87.81 -4.11-76.61
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TABLE 107. BORON FROM OIL RE-REFINING WASTE ON CHALIMERS SOIL (B).

ANT.PENE. MT.RETDh CUNJOT. CU.T .TUT. EJACTIOP OETDL RISIIIBJTION COEFFICIETS
EXT, THIS EXT. CNALLG. RETM. THIS TOTAL PEAT. INCL SOtl. SOUl ONLY
t. LAMY UGCHL UQ/G UG/G LG/G UG/G EXTR. CHALLG. FACTOR RATIO DEC. RATIO DEG.

I w 4.04 8.18
1 2.32 4.6S 3.43 9.19 3.43 .43 .43 .58 4.41 77.49 .74 36.47

II 1.41 2.83 1.82 446S 1.82 .39 .39 .61 6.83 81.67 .64 32 74
I11 1.31 2.63 .21 2.83 .21 .07 .17 .93 6.74 81.S6 .10 4.41

I1+i 2.63 4.14 2.6Q .65 .6S .35 26.61 87.85 1.86 61.71
l~1I*III 1.82 2.69 1.82 .68 .68 .32 62.15 99.18 2.6B 64.29

-2 . SI. 1.5
I!
II!XII i

I+II+II This experiment terminated
after the first extraction

3 U 4.4 26.& of Chalmers soil.
I

1.11

4 U .69 p.24

1I -.

III
Iii

1+11.1

II

III
lIll

l~ll~lll356 .
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TJELE 106. BORON FROM OIL RE-REFINING WASTE ON DAVIDSON SOIL (B).
ANTA]T. AlT.ETI). An- .TT. CUNSTOT. FMTION REMT DISTRINUTION COEFFICIENTSEXT. M1$ EXT. OMLW±. E). THIS TOL. PORE . IfNCL SOIL SOLU W•Va. .I,! LA M I / U" Ui W UG/" O'r. CKAu,,. FACTOm RATIO DEG. RATIO DEG.

t I 4.44 iAl

1 1.21 242 5.A 6.A 5.66 .71 .71 .38 13.84 85.97 2.33 66.861.31 2.63 -. 2 2.42 -.21 -,N -.N 1.6 11.55 84.58 -i.6-4.4.xU 1.81 2.u .61 2.63 .n 61 .23 .77 1.l1 8595 .31 16.711+11 2.7 4.84 2.n .6M .8 .32 44.51 .71 2.H 66.1J.U*IU 2.62 2.6f 2.62 .75 .J '.25 127.31 89.55 3.11 7,57

S A4 1A, -.41 9.5 5.25 -V AS, 1.27 17.36 16.71 2.75 71.11U ,.- 4.7 -566 4.Z -S.2i -2.6 * -1.21 3.65 25 72.89 -. 76137.16111 .1 . 5.4S 9.59 6.66 .76 .63 .2 22.42 8A7.45 4.10 75.96Ieee -.73 4.79 -.61 -3.I6 -. 18 4.65 16.1186.43 -01 -,12lUII -.61 3.19 2.61 -. 11 .63 1.61 149.73 69.M6 3.99 75.93

I v 4.44 3.66
I .S 3.63 A.3 36.24 go.- .M7 M .11 i6.74 C6.95 9.53 4.11U 1.U1 4.4 -&64 7.36 -1.9 -1. -, -1.21 2.21 2.673.67 -1. 33-S3.16In 1.3 9.49 -".42 1U26 144 -. 36 .2 1.36 3.47 73.92 .41 21.811411 1U." 12.12 9. .A5 .5s .25 19.74 V7.10 3.1671.551+l11 1.66 121H 7.0.? .66 .65 .•4 38.22 U.11 2.6 668.95

4 1 .8 8,24
1 .1 16.66 .-1.l" 44.49 V.P1 -. 22 .61 t.22 5.44 7..63 2.69 69.61U1 .51 6.16 3.8 17.4A -5.. .39 -.29 .61 3.71 74.XU -. 81-39.18111 .71 6.48 -2.f1 22.44 1.i -.37 .66 1.37 3.45 73.82 .16 8.93lar 

es U~ .- ^o- 
2.2P3 S577.I#Z.#11 1.86 14.83 7.79 -.63 .53 1.83 32.35 .23 2.76 70.15

$ U (.Sl r 2.12I (.SO ( 1.2
xi ( .SO { .iz
x1! ( .5 (1 ( 1,2

1.!1 The remainder of the table
was not calculated because
the concentrations were

6 V (3.924.24 below the detection limit.
1 (.9(24.24

I' (.S6(24.24
1II (.5(4.24

I*U

7 ( .91(46.4S
I ( ,SO ( 48 ,4 + ( .SO ( 48 .

IU (.So(*4

II351I
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FIGURE 207. WEIGHT OF BORON FROM OIL RE-REFINING WASTE ON DAVIDSON SOIL (B).
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TABIL 109. BORON FROM OIL RE-REFINING WASTE ON NICHOLSON SOIL (B).
ANT .• M . NIT ,• , CW.TOT. CI.MTOT, flja l Rol ISItJIDNTOCWFFICIENTS

-IT, ' IS EXT. OIALC. KT), THIS TOT.A Pm7R. INCL. SOIL SMO ONLY"a. LAVER U/L U94 U9G U c UrG DMI. CDLLG. FAMT RATIO DEG. RATIO DE.e
t, ! V 4.14 I1.01

1 2.12 4.24 3.34 1.111 3.34 .48 .44 .52 S.36 79.43 .9Q 42.14u .74 1.47 2.77 4.24 2.77 .65 .65 .35 14.08 06.11 1.8 61.95
U! ,s. t.ll .47 1.47 .47 .32 .32 .3 19.37 7.0is .47 25.3111 3.33 4,4 3.30 .2 .2 .1i 55.75 N.97 4.4 77.42

1#11411l 2.36 2.49 2.34 .• n . .12 177.18 89.68 7.18 81.9%

2 S .3 1.51
I .7 2.33 -. 13 9.3 3.11 -.56 .31 I.S5 9.39 3.92 1.2? S2.1711 .5 1.s .13 b.s3 3.10 .36 .AS .4 1S.N 16.09 2.414.7.39

111 .51 l1.s .36 2.97 .47 .63 .14 1.1of 12.92 53,7 .- 2 17.541.11 N 4.79 3.33 .11 .49 1.03 54.8 98.95 4.4 77.21111+111 .to 3.19 2.36 .16 .74 1.61 l3.12 39.51 4.72 73.34

3 U 4.440 .64
1 1.61 9.73 14.97 36.24 19.97 .4 .As .36 4.11 7S." 2.564. 11

1.11 .6.67 3.03 1 27 ..3 .31 .41 .4 3.13 75.37 .9" 44.15
LU 0.1 7.8 -t.21 9.44 -.74 -.19 -ell 1.13 2.31 16.5S -.6?9-5.35
1+1! 16.981 13.12 13.33 .75 .73 .5 15.3316.27 1."975.93l.11411 4.246 12.0 8.42 .71 .71 .38 24.08 V7.71 3.26 73.04

4 1 .49 0.24
1 .55 4.S4 1.73 14.49 21.7 .21 i .79 6.20 3.04 3.31 73.1?
II .9 1.2 -4.73 .2.12 1.91 -.72 .111 1.72 1.654.1.55 .17 9.99U, 7-tr 22 ,_4 L" .&I•*'•D m.4 ... w'e .r As.i so2 rd.i .02 5.32

., -1.52 22.24 11.7? -. 3 .53 1.37 1.9 3.52 2. 4 64.45
l*11.[11 .3 14.83 1.9 .13 .4.1 3 1.5 3,92 3.77 75.14

s . (2.12

II (so ,9,,U

4. 3 (Al9(24.24
1 (.0 .(24.24

I C .9124.24
in (. (24.24I

7 U (,3 (41.43
I C.5 (41.4
1 t.9o (41.4I
11 (.9 (41.41

360

I-



1.uo/0 8 ucw/o

EXTR. EXTR. -

I SoI I
EXTR. 9 EXTR.

EXTR EXTR .U

3- i 7-.-l -

EXTRa
4.

SI I ImTT

FIGURIE 208. WEIGHT OF BORON FROM OIL RE-REFINING WASTE ON NICHOLSON SOIL (B).
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TAILE 110. CADMIUM FROM OIL RE-REFINING WASTE ON CHALEiRS SOIL (B).
UITPM, ArTCr, Can.TOT. CIN.TOT. FW J[E DIS lIUTION COETFICIENTSWT. - EXT. O1, LC. li. THIS TOTAL FEiETS. INCL SOIL 'W ONLYa. IMVU UJL VC/ " T!C UA EMI. oIAiS. FACTOR RATIO KC. RATIO KC,

a.a 1.1 -.46 .75 -.48 -.45 -.4s 1.4s .11 .71 -.3t-21.A
U .44 .6 .34 1.23 .34 .2 A9 .72 .95 433 392 -1.9 1.U -. 14 .H -.14 -. lu -. 14 1.14 .35 i9.It -.14 -7.82l*U -. 17 ,X7 -.67 -. I, -.19 1.,0 2.69 64.44 -. U -94.4I*'U*1 -,9 .U -.19 -. 31 -. 31 1.38 4.69 74•27 -.- IS.35

2 a * .m 4

IIIII
1.U1II

This experiment terminated3! N.: Z after the first extraction
K of Chalmers soil.

1*11
1*114111

4 . _JAL .
I

II
!;.q

u

I.1

4 . ..... 3.
II

I

UIII
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FIGURE 211. WEIGHT OF CADMIUM FROM OIL RE-REFINING WASTE ON CHALMERS SOIL (B).
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TAKLE 111. CADMIUM FROM OIL RE-REFINING WASTE ON DAVIDSON SOIL (B).

MIT.IMTh, OT.AMET. CWI.TMT. CIM.TOT. I A flCTIONIff), DISTRIBUTION CEFV.ICIENTS
UXT. This EXT. OICU. RETI. THIS TOTA. PE lTV. INCL SOIL SOUL ONLY
N1. LAVER U US/C US/ Um/6 EMT. CDmLL. FACTOR RATIO KEG. RATIO DCG.

U .37 .75
1 .36 .73 .2 .7S .2 ,1] .13 .97 2.12 63.68 .13 1.59

U .As 1.01 -. 8 .73 -.28 -. p -. 39 1.39 1.4 49.13 -. 28-iS.64
a1 .J5 .71 .31 1.01 .30 .30 .31 .71 2.46 48.14 .43 23.21
I1U -. 13 .37 -. 13 -.35 -. 3S 1.3s 5.46 79-66 -. 24-14.57

I.U. .11 .2S .01 AS .Is .9 1.82 8491 .16 3.27

"2 U .8 .24
I .19 .9 -.33 9 -.31 -1.37 -. 32 2.38 1.977 V. 1,4 -. 4-2C. S4

A .46 1.2 -.44 1.30 -.92 -1.11 -.71 2.11 .44 23.416 -.76-37.17
KU .11 So .44 2.22 .94 . .42 .47 4.15S 74.45 1.43 S8.50

1,11 -. 4 A4T -. 62 -4.11 -1.24 5.11 3.77 7S.14 -1.12-45.47
I*II*III -. 11 .33 -. i -1.37 -.33 2.38 22. 57. -,51-24. 973/

1 .24 1.46 .9 2." .23 .- .1 .73 1.1t 49.14 .1t 9.17
U .X 2.24 -.79 2.74 -4.71 -.54 -. 62 1. 4 -.I1 -4.S4 -. 71-37.21
lu .X7 2.14 .H0 4.46 .94 .01 .21 1.11 1.17 46.82 .42 22.73

I3.1 -.,2 1.49 -. 74 -.12 -.49 1.12 1.93 62.61 -. 66-33.33
I#U*Ul -. 10 1.01 -. I -. 12 -. 1I 1.12 5.51 79.04 -. 24-13.43

4 V U1 1.33
I .0 " .71 4.32 %? .5 .2 .45 3.9 7SA3 1.58 57.72

U .10 1.21 -. &1 3.36 -2.31 -1.00 -.69 2.03 -.71-35.45 -1.11-62.34
III -is 1.62 -.41 5.68 .33 -.50 .04 1.50 .?I 44.45 .18o 10.3?1#11 .U 2.14 -.41 .09 -.31 .91 3.47 74,75 -1. 12-48.15

I*IIUl -.14 1.44 -. 34 -. 34 -. 24 1.36 6.42 61.41 -. S6-29.3

S V .02 .48
1 <.01 (.24 .24 4.11 t.21 .5o .25 SO0 13.9 64A~ 4.94 78.40

U .03 .73 -.4 3.41 -2.3 -2.00 -. 78 3.11 -1.85-61.65 -3.85-7S 43
in .A n .3 0 6.41 .33 .I0 JS 1.03 2.45 67.82 .44 24.42
1+11 -. 12 2.40 -. 11 -.55 -. 33 ..5 5.78 80.19 -2.19-65.50

I*U*II -.40 1.61 -. 42 -,5 -. 24 1.A 3 LI .21 84.47 -1.74-61 16

6 9 (<. (.4.
I .JS .: 42

II .04 1.94
II! .12 .7

1+11
I+IIrn The rema nder of the table

was not calculat6ed because
7 wI (.01 (.P of the occurrence of values

1 (.01 (.37 below the detection limit.
II (.11 (',97II (. It 7

UI 1 1 1

I.II3III
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I
TABLE 112. CADMIUM FRM OIL RE-REFINING WASTE ON NICHOLSON SOIL (B).

APT.PSfIt. AMITICT. CNO.TUM C!M.TIK. F.IN IETD_ 51S111pIuri CFICI£NTS
EXT. - - THIS EW. CNNLC 4Th. ThIRI TOTAL. IDIE. 1*1 SOIL SULN OILY11. LA3D UM L4 lc UG _ U/ E... . OK±. FACT RATIO DEG. RATIO DE,.

w .I .075 IS| .61 1.21 -,6 .75 -. 46 -V -. 62 1.6 .13 1.47 -. W2,.9

II .20 .57 .V2 .9 .12 In .13 .X I" 42.41 .04 2.6S14 ,1 .' .1 .A .22 .;M .78 3.69 74.84 .23 15.42-. UII411 .46 .25 .4 .24 .24 .74 8.2 133.11 .32 17M12

a 6 .18 .24
I .13 .39 -$.1 1." -. 92 -.63 -. 642 1.6 -.29-4.42 -1.S-57.41

11 .18 A -.15 1-61 .47 -.31 .34 1.31 1.79 61.77 X6 41.64III 111 .3 .1 1133 .62 .K .12 1.61 .95 3.45 .t4 2.12I+U -Js .49 -.07 -1.25 -. 14 2.5 3.41 73.5s -.2-14.93IIUeUI -.10 .33 -.64 -1.5 -. 12 2.5 1.63 32."9 -.22412.93

3 .,3 .g M4• .tW , ./ ,3 -~2 .3 -. t.e.II .,40 2.• -. 91 4.94 1.1 -. 27 .19 i.73 7,37 3• • .35.5 21.7

1 36 3.33 -1.31 2." -1.95 -. 17 -. is 1.4 -.43-23.9 -. W31.32
111 .34 2.04 .34 3.36 .31 IS15 11 .85 .43 23.22 .11.5

I*U -.21 1.40 -,. -.21 -.19 1.21 .59 34041 -.W-13.1

4 I
I AE, 1 .34 4.32 -1.59 .- 7 -.37 .73 -1.24-,.. -1.44-554,1 .9 L.ei -.24 5.9" 1314 -. 35 M1 1.5 1.35 5354 .943.2

as am .L& 4q1 is Lpa 32.a ~
.06 214 -.22 .69 Is0 9 1.21 S2.63 X.3-21.1411111-,14 1.44 -.21 -.36 -. I5 t.34 2.1 ti14.43 -.37-21.14

4 .12 A4
1* . .00 4.81 -1.59 A6 -.33 1.01 -2.24-65.94 -3.2V-73.1111 AS 1.21 -.73 6.3v .41 -1.S1 .66 2.50 .75 37.02 .34 13.84

.~ 210 .97 5.93 -1.? -00 .21 10 -.32-17.59 -.55-20.45
P"-.36 2.40 -.5 -1.S6 -14 2.58 Q1 34.3S --.97-44.13

loti

"T11-.s7 1.4 -.79 -3.50 -.49 4.56 .9 44.41 -1.61-7.2?

"01 .45

.48

I•7++'
k.i~ .97
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FIGURE 213. WEIGHT OF CADMIUM FROM OIL RE-REFINING WASTE ON NICHOLSON SOIL(B).36
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FIGURE 215. COMPARING FRACTION CHROMIUM RETAINED BY SOILS FROM OIL RE-REFINING
W~ASTE LEACHATE (B).
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TABLE 1413. CHR~MIW4 FROM OIL RE-REFINING WASTE ON CHAL14ERS SOIL. (B).

AIT.PuEI•. wT.Mc. cum.TT. am.TOT. FRACTIO RETD.DISTI C ýIBTS

aT. THIS EXT. CM"LC. RET). THIZ TO, PCETR. IN. SOL ... .1U ONLY

12. LAViE UG/L U"G/G wI/G UG/ UG/C EDTP-. •i•L.. FACTO RATIO DES, qATII LiG.

i w .71t. 39
I I .14 -2.34 1.3V -2.44 -+.75 2.75 4., 81t.4 -.- 32.49

I1 323 .46 -2.43 3.14 -2.63 ", -.A tý.6 3.?3 75.71 -. 41-22.11

III , 1.9 4.85 4.44 4.15 JS 17S .s 23.33 97.18 M,11 7isl

I'#l -,234 .71 -2.S4 -3.,4 -3.44 4.64 x&.54 66•. -.79-38.11

M1411IIt -. 1I 744 -.,6 -. 14 -.16 1.14 15.681 I.43 -. 14 -7.83

2 U .36 .7?
I

11
Ill

1+II,111 This experiment terminated
after the first extraction

3 I 1.11 4.4 of Chalmers soil.,I
I+II
I'll

I.II.UII

4 V .17 2.3U
I

I11
II

1411

S 9 A0 .24

I%

I+II

6 v 1 1 A
I+II+II!

4 .01 .4
I

II!

I+I

I.II*III
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FIGURE 216. WEIGHT O0 CHROMIUM FROM OIL RE-REFINING WASTE ON CHALMERS SOIL
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TABLE 114. CHROMIUM FROM OIL RE-REFZIfNG WASTE ON DAVIDSON SOIL (B).
i"eMI T . REDT•.M l T.T CtM.UT I ISTUIITIOM C CIENT5 IeP. - ---- S EXT. mu. UTP. TKIs "OTA, M ~T1. INC. SOIL SOL ORLY

It L Uft W M MI MG 'ExT1 . 2ZG. FA" RATIO DEG. RATIO DEC.

1 1.72 3.43 -2.64 i.3 -2.14 -1.44 -1.46 2.46 1.65 F4,63 -,59-31.72U 1 .2 3.64 -. nl 3.43 -. 21 -, M -,. M 1. 16 9),56 84.S9 -. 16 -3.18

111 1 .21 ?-2 %.21 3.44 1.1 .3 .33 .67 i. 42 86.52 .51 26.571+11 -1.12 .71 -1.1,2 -1.41 -t.31 2.61 41.95 98.63 -. 62-31.61
I*UUIII ..34 .46 -. 34 -. 74 -. 74 1.74 t42. 87.61 -. 43-21.13

I .61 1.9l -i.ij 2.18 -3.07 -1.31 -1.41 2.31 19.Sk 8V.17 -1.69-S9.37
11 253 7.S -5.74 5.25 -5.% -.. 17 -1.13 4.17 4.31 76.93 -. 79-38..1t
III . M2.s5 5.13 11.21 6.24 . S6 .54 .34 17.42 86.75 2.45 67.92
ol -|-3.39 1.69 -4,31 -.62 -4.i0 9.42 19.187 -1.29-51.11

".5 .73 -.93 -2.23 -1.23 3.23 135489.59 -1.1"-47.60

3 V 1.11 4.40
1 1.61 4.16 .01 6.15 -2.* .6? -. 2• .?A 5.9% 81.48 -. 41-22.1311 2.7i 1i•.6 -1t.36 11.31 -14.26 -1.70 -1.44 2.71 1.37 S3. 7 -.99-44.82111 3.83 18.15 -t.02 27.57 4.4 -.11 .16 1.11 2.3767.19 .24 13.68

1+11 -4.5 4.42 -9.36 -1.45 --2.12 2.4S 8.290 9.12 -1.1+4-0.25
l. ULII -3.14 2.9 -4.77 -1.73 -1.62 2.73 10.32 6.86 -. 7.-31.19

4 M .17 2.66
1 .27 3.V7 -1.21 V-.91 -3.61 -.S9 -.34 1.59 11.47 64.65 -1. 12-46.3311 .37 4.06 -1.21 H.1 4. -7.47 -.37 -1.23 1.37 4.741 78.2- .1 -7.2

III %1 11.51 -7.83 32.64 -2.61 -1.57 -.88 2.57 3.13 'p2.26 -.23-12.15

I
I1II -1.2L ,.4S -04.57 -1.13 -1.94 2.1i 29.•.7 987 -4.72-76.13IcII!-.! 1. , 4A P" -2.i J ,59 A.t u1V-76 -2.16-6A, 14

5 V .61 .24
I .A i. A -1.21 U1.15 -4,89 -5.31 -.44 4a. 23.18 8,S3 -3.36-73.43

1 1 .1C (.24 1.21 1.•.6 -16.2 .2 M -1.1 .17 92.16 99.38 -67.06.9A.
I1 .17 1.76 -1.4S 32-.3 -4.16 -4.18 -. 13 7.11 23.3 97.19 -2.3?-47.32

II .6 5.51 -0.57 .11 -t.91 16, Is S49.! 89, -67.2-8?.3
II -. 46 3.72 .6.4- -6.11 -2.26 7,14 i9.l8 89-73 -14.96-860IS

6 II .111 .48

III (..11 (.41I

1.11 The remainder of the table
was not calcilated becausethe concentrations were

7 u C.1 .7 below the detection limit.
I1 (,81 (.97

UL e,.1 c .77I111 (.11 .,7

:' I+I+III374



BJim/ 8 GJ/O

EXTft. EXTR.

1 5,

EXTIR. EXTR.

EXTR. q EXTR.
* ~7

EXTR. I
FIGUR 217.4EIGHT OF CH4ROMIL94 FROM OIL RE-REFINING WASTE ON DAVIDSON SOIL
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TAME 115. CH 'MIl14 FROM OIL RE-REFINING WASTE ON NICHOLSON SOIL (8).

mT.pm . mr.I '. =.Tor. cOM.TaT. DCT1 ,JD.,. .II NTIN CWFICIEc
ST. M .M . O, N". It,. NIs TOTAL PEO". IC MsUI. soMu wY
i. I,) UM I",0 U/ tI/wc UiC DMT•. W.; FXCTEl RATIO DPS. RATIO KC.

v .76 1. 39
I 2.93 S.b -4.44 1,39 -4.46 -3.21 -1.20 4.20 4.7 718.4 -. 76-37.31

U 2.43 5.5 .US 5M ..16 , ,.± ,15 .1 4.41 61.12 .1.2 4.56
19I 1.1 Z.2 3.03 5.5 3.63 . 1,8 L 42 Ub.22 U,47 1.36 53.75

1.1 -1.93 .71 -.1.3 -2-77 -2177 3.7 24,40 V7.45 -.73-36,30
+.2+I -,6 ,4 -.2 -W -55 UN 61.57 -. 37-20.4

a .a ,,•

I1 U 1. .33 -IM5 2.1 -7.01 -3.23 -3.21 4.23 7.11 V62.9 -2.11-44.S7
3 1.1 4.1 -1. 4 9., -.i1 -. 45 -. 11 1.45 4.62 31.41 -. i0-1e,62
I 1 U.11 3.33 1.51 16.16 4.55 .31 .45 .69 11.2• 14.93 1.36 53.75

1#11 -2.83 1.69 -3.9% -SA.1 -3.63 .IS 5.59 37.? -14A. 3-5.S2
KiU~iIi -A .73 -1.12 -3.23 -1.55 4,23 leit Ml.E -1.11-43.3S

3 6 1.11 4.67
1 2.73 14.36 -9.71 1.6 -16.71 -1.45 -1.9? 2.4 !0 "A -t.9 -12.2-4S.C9

1i 4.64 24.24 -7.N6 5.5 1.79 -. 48 -.34 o 1. , 44, " -. 319.93
III 4,51 2.27 -3.13 34,35 IMS -.12 .14 1.13 1.27 51.69 .:6 3.16
1+11 6.79 4.42 -i2.75 -2.64 -2.H6 3.64 4.39 77.18 -1.15-4.44

1.11.i11 -4.7 2.95 -7."9 -3.19 -2.71 4.09 11.11 14.38 -80-4t.32

4 V .X7 2 4
1 .31 4.61 -2.rS 10.t -19.25 -1.24 -1.76 2.24 2.9" 71.43 -k.19-76.SSA1 .72 6.:1 4. il 34.16 42.79 -.67 -,42 1.17 2.35 64.94 -1.49-S4. 06

III 1.41 16.97 4.36 42.95 -6.86 -.,7 -. 16 1.97 1.54 57.12 -.40-21."6
-3. r.i Aq -ii.l Q -3.ill -2.4 4. IC 11.62 85.!I -3.72-74.17

1.11.1: -4.97 3.64 -12.9 -7.24 -3.54 9.24 15.21 84.24 -2.29-•.43

i (.11 <.24
I <.At <.24 .JI 1i5 -19.2s .11 -1.73 1.11 54.72 e%," -79, " .• 2 8,

II .16 ý,A4S -1.21 31.41 -14.12 -5.10 -. 46 64.8 13f.3 IS.2 -9.0~-6,417
11 .12 2.91 -1.45 44.41 -8.34 -1.IJ -. 9 2.66 8.49 63.1 -2.65-71.69

1+11 -. 6, S.5 -16.62 -5.0t -2.8 " Ml 47A9% 89.1i -22.64-87.5S
Ay11+111 -,6, 3- -iBS, -1i1.0 -3.7, 1U.06 i 7.82 8..3S -14.28-4.01

"hi (, . 8

PII!

hI (.el. ,1+11+111

7 V .11 (.77
1 ,.1. ~.?7

III (.,1 (.97
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FIGURE 21R. WE:GHT OF CHROMIUM FROM OIL RE-REFINING WASTE ON NICHOLSON SOIL(B).
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TABLE 116. COPPER FROM CIL RE-REFINING WASTE ON CHALMERS SOIL (B).

MT.K"ET. AMLIMT. CUII.OT. CIM.TOT. "ATO XSTIBUIO COEjwrgg fICIENs
fit. - THIS1 EXT. N)WLLC. RETD. THIlS TOTAL PENETR. IKI. SOIL SOLN O#LY
111 LATIN Ucft~ UG/C U&/ L/G UG/G EXTI. CIALC. FACTOR RATIO DEC. RATIO DEG.

I v 1.61 2.02
1 2.62 4.04 -2.62 2.62 -2.62 -1.66 -1.66 2.66 4.77 78.0? -351-2637?
11 ;.13 6.66 -2.62 4.14 -2.62 -. S6 -.SO 1.56 3.18 72.55 -.33-08.43
III 1.11 2.02 4.14 6.64, 4.64 .67 .67 .33 12.54 85.44 2.06 &3.43
i.z-2.62 1.61 -2.62 -2.16 -2.66 3.11 13.39 85.73 -.67-33.69

1.1.11 .6 .66 .66 .66 1.66 94.VS 89.46 .66 .66

1+11#111This experiment terminated
after the first extraction

3 9 1.61 6.16 of C`halrs soil.

1.v.11t

* '9.1 .24

ILI

v l .,J

111 -,V,1Vý,k-

N;
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•COP. . PER FROM OIL RE-REFINING WASTE ON DAVIDSON SOIL (B).

,- ",FT. fT, , CF1.TOT. CUI.TOT. FRACTION RETD. DISTRIBUTION COEFFICIENTS

I,-- THIS EXT. C4A'4G. REMh, THIS TOTAL PENETR. INCL SOl', SU ONLY

+ f* LW'I %./JG UG/C ULIG UG/G FXTR. CMLLG. FACTOR RATIO DEG. RATIO DEG.

S7.07 14.M4 -12.12 2.02 -12.12 -6.01 -6.061 7.1 4.43 7.29 -. 86-41.60

9 .1i 21.1 -6.06 14.14 -6.6U -. 43 -. #3 1.43 3.41 73.62 -. 30-16.72

1 t.19 •S.1.k 2.12 21.21 2.62 ,0 .to .96 4.23 76.69 .1i 6.34

-9.69 1.61 -9. -9 o3f -9.11 MI.3S 03.91 85.99 -191-41.97

-5.39 .67 -5.39 -6.08 40.1 9.01 36.14 98.42 -.89-4t.63

1 11.11 3.03 -3.11 2.15 -15.12 -1M0.66 -7.39 161. 19.70 87.19 -4.99-79.67

S 2112 6.44 -3.63 1T7.7 -9.61 -1.66 -P. 2.36 13.84 84.A3 -1Si'T•,31

•.+ 4.4 12.12 -6.16 26.26 -4.14 -t.1. -is. 2.1 5.94 86.28 -.33-18.43

-3.02 1.13 -12.11 -201.0t -11.81 - 2M2. 45.38 98,74 -4.10-7?S -9

L4 1 4, 1 1 -4.13 .68 -9.42 -413.1A -13.78 404. 53.21 98.92 -2.33-66.78

1.61 6.4%
1 4.14 24.24 -t6.18 8.L1 -33.31 -3.66 -4.11 4.0 01.71 59.71 -1.37-53.95

1 3.03 I.1i 6.36 41.41 -3.13 .2 -. o7 .7S 3.9S 75.79 -. 17 -9.4t

U+SS 30.31 -12.12 44.44 -16.16 -. 67 -.36 1.67 1.94 62.67 -.M-26.17

, -6.06 4.16 -M187 -2.11 -4.48 3.51 14.46 9.14 -2.6-W63.42
,.,, " -6.3 2.71 -17.93 -4.16 -4.47 5.30 26.49 97.21 -1.73-61.10

4 U .i <.12

:z ~ .12

III i.Ii 1U2. I."
i÷II+lII The remainder of the table

5 V , ft 24 was not calculated because
1 .11 .24 of the prevalence of values

I (.11 ( .24 below the detection limit.

IiII

6 41. (.48
I (.0t (.96

LI ;.S1 ( ,

II (,11 ( ,'6

I~ (,.1 (,91
, lI .c .§L .?
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FIGURE 222. WEIGHT OF COPPER FROM OTL RE-REFINING WASTE ON DAVIDSON SOIL (B).
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TABLE 118. COPFER FROM OIL RE-REFINING WASTE ON NICHOLSON SOIL (B).
ANTPENETR. MT,RETD. CWTOT. CIM.IOT. FRACTION RETD. DISTRIBUTION COEFFICIENTS

EXT. - THIS EXT, DIALLG. RETD. THIS TOTAL PiETR. INCI. SOIL SOU OtLY
NO LAYER LV.fl UC/L UG/, UG/G UG/G EXTI. CHNA.LG. FACTOR RATIO DEG;. RATIO DEG.

c 1.01 2.02
I S.Is 11.18 -8.88 2.02 -8.08 -4.11 -4.11 5.10 1.65 58.71 -. 80-38.66

11 7.17 14.M4 -4,04 i1,14 -4.14 -. 41 -. 40 1.41 1.46 q.6i -.29-1S.95
III 5.US 1.16 4.04 14.14 4.14 .29 .29 .71 2U8S 71.64 .40 21.96+ilI -6.66 1.31 -6.16 -6.11 -6.60 7.01 6.13 81.74 -.96.46.681+11+111 -2.69 .67 -2.69 -4.1C -4.11 S.1 21.21 87.31 -. 81-M.66

2 t , 01 .13
2 1.l1 3.13 -3.10 2.15 -11.18 -iI.U0 -S.10 161. 4.5 77.46 -3.6674.71

II 3.13 9.19 -6.36 13.13 -10,.1 -2.11 -." 51 . ? -111-48.,1II 4.14 12.12 -3.03 23.23 1.11 -.33 . 1.33 2.12 64.76 .18 4.7I
1-1c -.53 1.03 -i1.59 -302.01 -1.33 313. 9.54 93.32 -2.33-66.77
1.111-4.03 .68 -6.72 -463.11 -9.84 -4 C. 14.68 86.S7 --1.66-59.06

3 U t.01 6.16
I 2.62 12.12 -6.66 8.11 -17.14 -1.11 -2.11 2.01 .62 31.9S -i.41-54.74

II 3.13 18.18 -6.16 25.25 -16.t1 -. SI -.64 1.56 .47 25.If -. ",1.63
LII 3.13 18.19 .0l 41.41 1.1t .04 .12 1.1l L.41 S4.74 .16 3.18
+l11 -6.06 4.16 -16.65 -2.61 -4.11 3.11 3.61 74.49 -1.83-61.371+11+111 -4-14 2.71 -14.76 -2.11 -1." 3.i 104 HA84.S3 -1.?8-61.6_-2

V (.It( .12
I (.01( C 12
II 0 c .1 2

III I.11 12.12

s 9 (..ItIC .24III (.,11( .24
I (.0t( .24

111 (.11( .24

I (.81 ( .48
II (,St( .48

11I (.1( .48
1+11II+IIII (1 4

7 U (At .96
I (It ( .96

II (.It( .9I
111 (.01 .96

1+1111 8I+II+III
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FIGURE 223. WEIGHT OF COPPER FROM OIL RE-REFINING WASTE ON NICHOLSON SOIL
(B).
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TABLU 119. LUAO FROM OiL RE-RErINItSG WASTE ON CHALMERS SOIL (B).

4~T.M N~TRETD. ZKUN.u. CMaTOT. FRACTIV RUD, DICTRIBUTIMii COE~FFICIENTSTHIS F41 %ihm.L. RET1P. THIS TOTAL PEtER. INCI. SOIL SOLN !PNLYMR. LAYER "V-. LS/G M/r, U94 UG/i EXTk. CN.LLG. FACTOR RATIO X6, RATIO K)EG.

I "A S.44 11.1k
1 5.19 0.37 42 11.88 ,5 .IS2 .A5 J S9 9.55 84.12 .AS 2.B5AI Z9s S.75 4.47 16.37 .47 .43 .43 .V 17.45 86.72 .76 37.11

LJ6t.6k 33-ft -27.33 .9 -27.30 -4.64 -4.63 5.63 2.M 6MOC -.82-39.43
SI1 2,4 5.44 2.9 .4 ,44 .S4 67.60 89.,S .84 41.07X fl -?.44 3.,3 -7,44 -2,15 -2.65 3.1S 26.2 87.86 -. 67-33.91

2 v 4.6 13.U1
I%

1111III

This experiment terminated3 9 3.7? 22.S1 after the first extraction
of Chalmers soil.

IU

I+I'•+lll

4 V 4.47 S3d.0
I

9 11l+IIII

S U 3.13 7S.le

IIII

ill
iI+II

I
II
III

1+I!
UIIIII

7 8.09 776.55

!I

I+II

+II+I
388
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FIGURE 226. WEIGHT OF LEAD FROM OIL RE-REFINING WASTE ON CHALMERS SOIL (B).
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TABLE 120. LEAD FiROM OIL RE-RFFINING WASTE ON DAVIDSON SOIL (B).

MT.Imr1. NItM . CITOQT. C.TOTUT. FIS T L.. 5IIIUhLoN CgmFIIcIatS
EXT. TIS EXT, M.L. RET. ThIS TOTA PEM. 1. INC SOIL SMI 01.
it. LAYDE UC/M. 1M UG/C UG/C UG/G EXTI. CMULL. FACTOR RATIO DEC. RATIO DEC.

I v 5.44 11.61
1 3.16 4.21 4.64 14.66 4.41 .43 .43 .57 25.59 0,76 .76 37.65

11 3.s •.i0 .1 6.21 .1 .32 .62 .98 25.27 87.73 .62 .97
11 2.44 4.- 1.1i 6.1I 1.13 .19 .19 .at 31.55 R6.18 .24 13.49
I.II 15.44 2.3N .44 .44 .b 11691. 39.44 .73 38.12

I.1I.1U 1.99 34 1.99 5s .55 .45 2M3.13 839.8 1.21 SI.5

I v 4.41 11.31
S1.79 S.31 8.43 14.7 13.11 .t 1 .51 .39 31.65 96.16 2.44 67.69

11 S.44 A. HI -11.55 11.53 -ft.45 -2.15 -.99 3.15 3.42 83.21 -.61-34.164
III 1.63 3-19 13.15 23.03 15.63 .82 .45 .16o 54.74 89.95 4.67 73.3?
1,11 -1.54 12.35 .13 -. • .67 1.23 36.4 0.43 .i 5.61

1+11+111 3.$7 3.13 S5.6 .78 ,A .22 4S4.24 89.97 id, 79.52

3 N 3.4l 22,11

I 4X6 24.03 -2.39 44.76 16.72 -.11 M2 1.11 4.75 31.58 .44 23.7311 4.71 2.116 -4.26 3S.9 -is.71 -.17 -. 44 1.17 4.83 73.29 -. 55-28.73

I'll -4.3. 23.35 -2.4? -. 31 -.11 1.34 21.32 ,32 -.37 -9.864
l.1l.11l 1.l7 15.57 6.33 .I5 .43 .85 74.79 •9.23 1.16 44.•3

4 v 4.47 53.69
I 4.77 7.26 -3.5" 111.46 7.15 -. 17 .67 1.17 2.81 71.44 .1.2 7.12

31 2.13 33.42 3.34 U.i.24 7.44 .41 .1 .? 4.77 78.15 .23 12.9 I
III 8.17 99.11 -64419 35.61 -39.21 -1.09 -. 44 2.89 1.17 49.51 -. 0-21.81

1I+l 9.39 0411 7-A .37 .!, Ql is IA M50

1+11+111 -."4.77 33.47 4.14 -. 83 -. 24 1.83 13.8? 65.28 -. 25-1309.

5 i 3.13 75.011
1 4.19 11S.6 -41.31 17.47 -33.46 -.54 -.17 I.S4 1.14 46.8 -. 2?-1i.19

it 4.23 161.55 14.34 219.13 21. .12 .it .68 1.73 4W.tE .22 12.21
III 4.94 i144.42 -6S.6I 13,i5S -164.2? -. 64 -. 56 1.64 .31 IV61 -. 64-32.14

1II -t3.23 67.74 -5.84 -.35 -.67 1.3S 5.95 81.46 -. 12 -6. SI

MM1-36.52 56.49 -3.45 -1.22 -.6 2.22 7.42 82.5.1 -.71-34.84

4 w 3.72 178.57
I 7.28 349.2 -1.45 354.14 -214.31 -. 96 -. S8 1.96 -. 14 -8.25 -.59-31.33
II 6.4 361.328 .0.93 3. 34 61.91 .it .11 .89 .69 34.71 .21 11.11
III 5.45 261.41 46.67 497.43 -55.42 .ib -. 11 .64 .38 20.66 -.21-11.97

I+11 -45.66 177.12 -71.69 -. 74 -. 41 1.74 I.52 S6.71 -. 46-24.81
.I#I+III -27.41 i1.11 -44.27 -.46 -. 56 1.46 4.S4 77.58 -. 76-37.'5

7 M .09 774.55
1 &4.8 A2.22 194.33 1138.60 -9.97 .2S -. 11 .7S .25 13.99 -. 12 -. 8S

I! 2.L) 251.49 331.73 1141.57 391.64 .S7 3f .41 2.17 65.25 1.56 S7.2
II1 3.43 329.24 -77.7S 748.93 -133.17 -. 3U -. 18 1.31 .66 3.62 -. 40-22.62

1+11 2.Q.• $a $.33 199.83 a• .34 .K, 3.. r •. iS . 52 S6.62
l+Ill149.11 M6.87 82.83 A• .22 .42 4.96 78,61 7s 37. 0
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TANI 121. LEAD FMM OIL RE-REFINING WASTE ON NICHOLSON SOIL (8).

UTf.EMm. ANT.*M. CUM.TAT. CK.TOT. F•UTIP RIT. DISTI•iTION CEFFICIENTS
THIS1 EXT. 0"±. RET) THIS TOTAL FEMMT. INCI. SOIL S00 ONLY

O. LAOI UGI/m UWWI UC UG/9 UG/G EI. CL)U.I. FACTOR RATIO DE. RATIO DEC.

U S.44 10.8
1 1185 37.71 -a•.2 11.8 -24.32 -2.44 -2.46 3.44 1.93 62.61 -11-35.43
u 3.4 0 5.1 31.4b 37.71 31.46 .-3 .13 .X7 20." V.,27 S,4 797f7
III 3.1 7. 9 -.5 4.25 -.85 -. i4 -. 14 1.14 13.92S.39 1. 12 -6.03

loll 2.32 S.44 2.32 .43 .43 .S7 6.5 I.t1 .74 34.64
.2I*III 1.2 3.3 1.26 JS .35 .65 126.4 89.55 S53 20.19

2 U 4.46 i3.d1i

I 1.65 4.9A 3.A 24.70 -17.%4 .4 -. 73 .4 1 49 $6.53 -3.,.3-74.S?
U 1.16 3.33 1.45 42.6 33.1 i .33 .79 .67 41,22 3.8 13.14 94.31
El. 331 11.4 -7.19 9.55 4.14 -2.11 -. 64 3.13 3.73 33.47 -.77-37.47

I 5.26 i2.3S 7.S8 .6 . ,.1 .24 125,331?.54 4.S5 77.71 4
E.U4II 1.1il 8.23 2.37 .24 .29 76 86.16 89.34 .48 34.15

3 II 3.4722.11

I S.9 35. -13.39 44.71 -31.35 -. 61 -U7 1.61 1.93 62.58 -.89-41.53
u 4.51. 9.21 4.1i 71. m 39.31 .17 .So .83 4.76 71.13 1.3S 53.39
III 3.44 21.64 8.54 33.7s .S1 .29 .l1 .71 4.84 78.34 .12 1.41
1+11 -3.6 23.3 3.99 -. 33 .17 1.33 3,91 I85.89 .?. IS.23

111.+U1 A4• 1.57 2.912 .16 .18 .94 43.79 88.69 .4t 22.27

U 4,47 53.9
1 3.21 39.33 t4.31 160.41 -17.14 .27 -. 17"3 2.1M 64.5! -. 43-23.41

II .13 37.5 1.83 U17.44 41.13 .JS .-S .9 .75 7S0,6 1.IM 47.61
Ill ;.I1 72.16 -34.40 76.31 -34.19 -. 92 -. 4S i." .?1 42.23 -. 47-2S 29

I¢II 1.67 53.20 12.14 .30 .24 .7M ii.2S 84.9" 64 32.67
+I÷II~I1 -6,IS 33.47 -3.33 -. 34 -. t@ 1 i34 12'.28 8S. -. 14 -7.899

s 6 3.13 7.16
i 411 93. -23.58 172.47 -4.43 -.31 -.23 1.31 .60 31.87 -. 41-22.38

II 4.71 14.9" -42.33 214.1l -21.21 -. 63 -M1l 1.63 .49 2S,96 -. 13 -7.50
III SaS 12.46 37.33 237.30 3.24 .23 .11 .7M .83 39.7S .03 1.5O

1+11 -42.96 87.74 -313." -i.14 -. 35 2.14 2.3I 64.44 -,38-21.01
1+IIUIII -t4.21 58.49 -19P.3 -. 65 -. 33 1.63 6.7? 81,61 -. 47-25.3S

w 3.72 01.57
1 4.84 232.54 -5,.9 3S4.14 -94.61 -. 30 -.27 1.33 .02 1.23 -. 41-22.4

II 3.43 164.42 id.14 448.44 46.94 .29.,10 .71 .89 41.71 .29 1S.93
III 1.6 S2.4 U11.93 481.72 115.17 .68 .29 .32 4.09 76.27 2.19 65.50

IMII 7.36 177.62 -23.64 .18 -.13 .72 2.13 64.88 -. 2n-i6.i7
1*+14!11 42,13 113.31 Us.5 .71 .19 .29 18.36 6.88 1.29 S2.13

7 v 3. " 774.55
1 4.14 •9•.S2 3"9.14 t131.61 284.42 .49 ,n ,si ,37 44.01 .72 35.58

II 2.22 212.69 184.83 84.17 231.76 .46 .27 .54 1.56 S7.31 1.09 47.46
III "IfI ISS.91 t64.75 614.41 221.95 .S .36 ,s5 3.04 71.77 2.i0 64.49

MI+I 211.,93 56S.31 29.09 .73 .46 .27 4.30 76.91 2.43 67,61
+I.+EIIl 223.55 376.87 246.S .86 .6S .14 15.43 86.29 6.97 81.83
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FIGURE 230. COMPARING FRACTION NICK.L. RETAINED BY SOILS FROM OIL RE-REFINING
WASTE LEACHATE (B).
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T..L. i21. NICKEL FROM OIL RE-REFINING WASTE ON CHALMERS SOIL (B).
,T.PQEM', A•T.ETD, CTaT, CUJ.TOT, D, .. STRJBUTION COErFICIENTS

STH E EXT. V.ucLLG, oTD. THIS TOTAL PENETR. INEL SOIL SOCL ONLYrv r4 u r.' JG/[4 X./C UG/'; EXTR. CYALG. FACTOR RATIO DEG;. RATIO DEG;.

4,i F,) 9, 0? -3.13 6,.06 -,.3 -1 .S 5.S 2.37 67.IS -. 33-18.43
Xi 4.i. 01.32 -3.23 ?.4 -3.23 -.36 -.36 1.36 1.73 60.33 -.26-14 74--, ,3 .24 -4.31 -.7S -17.7S 18.7S 9.88 84.22 -. A'-43.43

_1-3. .16 -3.9s -24.42 -24.42 25.42 17.01 86.63 -. 96-43.85

IIs i

- This experiment terminated3 ,.31 1.2 after the first extraction
of Chalmers soil.

II

~Ill4 ~ 36 .73

I

III

741

P, +i 3III
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FIGURE 231. WEIGHT OF NICKEL FROM OIL RE-REFINING WASTE ON CHALMERS SOIL (B).
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TABLE 123. NICKEL FROM OIL RE-REFINING WASTE ON DAVIDSON SOIL (B).
AMT.PENE!R. MT.RETD. CULITOT. CU.TOT. FRACTION RETD. DISTRIBUTION COEFFII"UETS

EXT. -- -.. THIS EXT, CH•AG. RETD. THIS TOTAL PENETR. INCL SOIL SOLN ONLYt, LAYER UC/HI. UC/C '/•G! UG/G EXTR. CHALLG. FACTOR RATIO DEG. RATIO DEC.

6 .24 .48
I .82 1.64 -1.tS .48 -1.iS -2.37 -2.37 3.3? 8.89 83.58 -. 70-3S.13IX l.l 2.22 -.39 1.64 -.59 -. 36 -. 36 j.36 6.80 81.64 -.26-14.77
I1 1.21 2.42 -. 20 ,.22 -. 21 -. 09 -. 19 1.09 6.39 91.11 -.08 -4.761+II -.57 .24 -,87 -3.58 -3.58 4.58 27.48 87,92 -.780-38.2!+!!+Ill -. 65 .i6 -.65 -4,Ia -4.80 5.16 57.49 89,18 -. 80-q,_66

2 N (.35 (15
I .26 .79 -. 64 .64 -1.79 -4.25 -2.81 S.20 17.066 6.76 -2.27-66,.22II .78 2.33 A.SS 2.42 -2.13 -1.76 -.88 2.96 5.82 80.24 -.9t-42.41HII ,$2 1.S5 .79 4.S6 IS9 .34 .d3 ,66 tI.S4 84.58 .38 21.761+11 -1.19 .32 -1.96 -14.41 -6.16 15.41 25.24 87.73 -1.68-S9.23I+II+I1I -. 46 .21 -1.i1 -9,21 -5.24 11.20 89.26 $9.6 -2.6-65.23

3 .30 1.82
I .57 3.39 -t.58 2.45 -3.36 -. 87 -1.37 1.87 3.64 74.62 -.99-44.74II .92 5.51 -2A2 S.82 -4.25 -.63 -. 73 1.43 2,18 64.28 -.77-37.63HII t1ti 6.67 -1.1 U.17 -. 57 -. 21 -.06 i.21 2.27 66.23 -. 18 -4.85

ll -1.85 1.23 -3,81 -2,131 -3.i 3.83 11.01 04.29 -1.'8-54.,91+11+111 -1.62 .82 -2.73 -2.67 -3.33 3.67 9.97 87.13 -1.23-5•.93

4 U .16 .73
I .15 1.82 -1.19 3.i1 -4.45 -1.S3 -146 2.50 6.19 81.82 -2.45-67.81

II .16 1.94 -.12 7.b4 -4.37 -. 07 -. S7 1.17 5.84 81.28 -2.26-66.• ?III .4 4.95 -2.91 12.61 -3.47 -v.56 . -.29 2.53 2.52 68.37 -.72-35.631+11 -. 61 i.S9 -4.4t -i. _;7 2 47 27. 3 . -AM-., i.s,
l+II+!II -1.37 1.66 -4.il -S.67 -3.87 6.67 26.61 87.85 -2.S4-68,04

S U ",15( '1.21
I (.5A( 1.21

II ,.1S( 1.21
III .07 1.71

l+II

6 W C AS ( 2.42
1 .15 (2.42
I I S ( 2.,42

III (.65 (2.42I+II
l+II+IIl

7 W s a
I AS 4.85i ,0 -(. <4,85

II Z.1 , 4.8S
III A.6S (4.85

I+Il
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FIGURE 232. WEIGHT OF NICKEL FROM OIL RE-REFINING WASTE ON DAVIDSON SOIL (B).
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TABLE 124. NICKEL FROM OIL RE-REFINING WASTE ON NICHOLSON SOIL (B).
MTPETI. ML.IEl, CtiTOT. CUM.TOT. FRACTION REID, DIUTR4BUTION COE U YEXT. --- THIS EXT, C)MLLG. RETM. THIS TOTAL PENETR. INCL SOIL SOLR ONLY.@. LAME UG/NM I/G a/C tgiG UC/G r( %T. CHALLG. FACTOR RATIO MEG. RATIO DEC.

I v .24 .48
I 2.53 5.1S -4.57 .48 -4.57 -?.42 -9.42 1M.42 3.93 7S.72 -,9M-42.1iI1 2.63 S.2 -.2 5.I6 -,20 -. 14 -.14 1.04 4.61 77.75 -. 14 -2.23II 2.12 4,14 1.2i S.25 1.1 .23 .23 .77 6.34 81.B 4 .36 15.711411 -2.38 .24 -2.38 -9.83 -9.83 11.83 17.68 96.76 -9t-42.23I÷Ii'1 -1.1? .16 -1.19 -7.33 -7.33 8.3 53.48 88. V -89-4J. 3

2 U <(,I5 <.1';
I .93 2.79 -2.64 .64 -7.21 -07.46 -1U.32 18.40 6.17 81.79 -2.55-68.841 1.72 S.IS -2.36 7.94 -2.57 -. 6S -.33 i.85 4.24 76.73 -. 50-26.40III 1.72 5.15 .l6 16.46 1.21 .16 .12 1.66 4.97 78.63 .24 13.24

1+11 -2.56 .32 -4.88 -33.11 -15.35 34.161 73 94.64i -1.91-62.19I+I.I 1 -1.67 .21 -2.85 -33.16 -1344 34.16 41.97 88.61 -1.6.-8.9

S3 1 .31 i.2
I 1.31 7.U8 -6.66 2.45 -1.3.26 -3.33 -5.46 4.33 1.41 54.73 -t.68-59.2711 2.42 454 -6.67 15.7 -9,23 -.85 -. 59 I.85 1.14 4.,20 -.63-72.4111 2.53 I5.IS -.61 24.YS .6t -. 14 .02 1.14 1.b Si.7"? 14 2.291+1I -6.36 1.23 -ii.25 -7.63 -9,16 8.13 5.±b 79.04 -.S.S-S7.1i

I+U4III -4.44 .82 -7,31 -7.33 -9.92 9.33 U3.I5 95.62 -i.44-5,3i

4 V .16 .73
I .21 2,SS -1.82 3.18 -15.18 -2.58 -4.?4 3.56 3.66 74.7J -5.92-80.42

X1 .41 4.97, -2.42 18.26 -1t,66 -.95 -.64 1. 9 2.56 Q.70 -2.3S-66.9i
Ill I.6i 12.12 -7.15 U.9Z -6.54 -1.44 -.22 2.44 1.47 55.83 -.54-28.37I+II -2.12 1.59 -13.37 -S.83 -6.41 6.83 14.26 S.9 -5.39-79.47

01+111, -310 1.16 -11.19 -05.67 -i.46 16.67 M5.37" 86.28 -2.75-69.99
s v (.Is (1.2±

1 Js,5 Q1.21
XX .98 1.94
I1 .12 2.91

I.II.I

6 (.IS ( 2.42
1 (.I5 (2.42

II (64S ( 2,42
III ( .5 (2.42
MI+

7 I .3 ( 4.JS
1 (.•5 (495
I1 (,I5 (4.85
III (.J5 (4.K
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FIGURE 233. WEIGHT OF NICKEL FROM OIL RE-REFINING WASTE ON NICHOLSON SOI
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TABLE 125. TITANIUM FROM OIL RE-REFJNING WASTE ON CHALMERS SOIL (B).

MT.PENETM. MT.RETO, CUM.TOT. CIW.TOT. FIACTIN RPFTD, DISTRIBUTION COEFICIENTS

EXT. --------- I S EXT. CHNAUG. kETD, THIS rOTAL PE•.TR. INCL SOIL SOLN U;Lf
I*. LAIYU UC/N LtJ/G UG/G UGC/G UTR, CMIý.G. FACTOR RATIO DES., 0AIO DEG.

.14 M .2
I 3.41 6.97 -6.?9 .2 -6,59 -23.29 -23.2V 24.2? 1ig49 8S.97 -,96-43.80

Ii 3.13 6,26 .61 6. ? .U .19 . IV .91 ý6.70 86.S7 -toI .S3
1II 2., S.66 .61 6.26 .61 i .1 .91 W•.49 86,91 .it 6.12

141 -2.? "M 4 -99 -21,14 -21,14 22.14 6S.48 P.13 -,9S-43.b4
i.H+j+I .,19 .X9 -I.P -19.16 -19.10 21.91 i4.S4 99.Ab q

II
HIt1C11

ThIs experiment terminated
3 N .35 2,12 after the first extraction

I of Chalmnrs ;oil.

1411

W N (.16 (1.•40

II

HIl

I11

iI~elli

I
II
In%

I+ILII I
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FIGURE 236. WEIGHiT OF TITANIUM PROM OIL RE-REFINING WASTE ON CHALMERS SOIL.
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TABLE 126. TITANIUM FROM OIL RE-REFINING WASTE ON DAViDSON SOIL (B).

ANT.PMEI(T. MT.RETD. CUt.IOT. CUL.TOT. FRACTION REM DISTRIBUTION CCEFFICIENTS
H- IISS ET. Ci•.LG. REIh. ThS TOTAL PENETR. INCL SOIL SOL. OtLf

M. LAYER UUMfl UG/G UG/G UIUCCG EXTR. CHALLG. FACTOR RATIO DEG. RATIO DEG.

V .14 .28
I 4.6S, .29 -9.61 .28 -9.1t -31.84 -31.86 32.86 139.8 89,59 -. 97-44.1i

II 5.3 11.71 -1.41 9.29 -1.41 -.15 -.15 1.15 12204 99,53 -. 13 -7Q52
11i 1.92 3.84 6.87 0lT7 6.87 .64 .64 .36 342.59 89,o'3 1.79 60.80

l+I1 -5.21 .14 -5.21 -36.86 -36.9h 37.B6 487.72 89.98 -. 07-44.23
l.1I*111 -1.19 .19 -1.19 -12.57 -12.57 13.57 3066.30 89.98 -. 93-42.8i

2 V .0~ .31
1 2.32 1.97 -6.67 .S9 -15.6 -22.51 -26.76 23.0 1,85.44 89.69 -2.ýS-6b.03

11 il.ft 32.72 -25.?6 16.26 -27.1 -3.71 -1.67 4.73 39.14 88.S4 -. 83-39.71
I11 1.61 3.13 29.6 43.43 36.56 .91 .84 .19 443.7S 89.37 12.07 85.26

1+11 -16.21 .29 -21.42 -17.13 -73.M 19. i15.57 89.64 -i.31-S2.63
1+.1÷111 -.?t .21 -2.59 -9.06 -13.72 WIG6O 3883.18 89.99 -2.17-64.25

3 V rS 2.12
I 2.12 12.12 -04.11 2.71 -25.67 -4.71 -9.49 S.71 10S.83 89.46 -2.12-64.73
II f.6 53.79 -46.66 28.38 -73.83 -3.6S -2.60 4.85 21.00 87.27 -1.26-Si.47
11I 6.56 39.39 19.3? !92.21 5.5 .3.3 .5 .67 34.63 88.35 1.42 S4,86

1*I1 -29.3 1.35 -49.75 -26.71 -36.76 ".71 87.31 89.34 -1,69-59.43
I1+11+41 -12.42 ,Mt -14.52 -17.57 -16.69 id7 1297.75 89.81 -1.l1-47 87

4 , .4-1 <(1.21I ,94 11.27 -131.6 3,92 -3S.73 -9.30 -9.12 9.30 112.87 89,49 -3.7-721,49

1 591 7,13 4,24 39.65• 9.59 . -1.75 .62 176.17 89.67 -9.9= 84.23
III 1.92 23.16 -16.00 11?.24 39.96 -2.2d .37 3.28 58.S4 87.02 1.74 40.04
1+1I -2.91 1.96 -2.66 -4.81 -26.88 3.0 729.31 89.92 -M4. -86M1•
|+||Il -42L7 1.31 -li.79 -0S.10 -ib.68 i9M 00 •8.37 89,8,0 -2.84-70.S9

s M <.if <2.42
1 .12 2.91 -.48 6.34 -36.22 -. 28 -5.71 1,20 437.22 8Y.87 -12.4S-2S.4i

11 .23 S.t -2.67 42.56 -72.26 -. 92 -1.70 1.92 221.65 89.74 -10.96-8S.•9
AII ,13 3.15 2.42 i14 82 42.38 .43 .37 .ý 4,28.53 89.87 13.45 8,7S

1+11 -i.58 3.7 -54.24 -1.38 -17Ai• 2.30 918.99 B0.- -•9,46-87,.i
t.IlI -. 24 2.1i -22.03 -. 31 -x0,42 1.30 3714.7S 89.98 -20.97-87.27

I (.0 ( 4.68
I| (.11 (U4.8
111 ( .13 , 4.8S
I+11 The remainder of the table

I+II+III was not calculated because
the concentrations were

7 (.1i (9.70 below the detection limit.
1 (.11 (9.71
Ii (If (9.71

|II (.13 (9.714
I+II+II406
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•.uLE 127. TITANIUM FROM OIL RE-PFFINING WASTE ON NICHOLSON JOIL (B).
T.,PEKTR. 4MT.RETýD, CUMO,1GV. CU1,.TOT, FRATIOH RETD. DISTRIBUIION Cr'JEFFiCIENTSEUT. - HIS EI. CIILLL. RET., lH. TOTAL PENETR, INcL SOIL SOLN ONLYNit, L.E) UQ/t. LW/G U t,'g LW,• E)GTR. CK.G. FACTOR RATIO DEG. RATIO DEG.

9 0.81 -19.51 .28 -19.S1 -69.31 -69.00 71.00 4.9C 78.63 -. 99-44.59

4,14 8, 11.51 190.6 i1t:5 ,-:8 .50 .42 15.64 86.34 1.39 54.27
3.43 6.R7 141 8,28 .41 ,17 ,7 .83 17.39 86.71 .21 11.63I÷II -4.61 14 -4-01 -28.29 -28.29 29.29 56.03 88.98 -. ?*/-44.011+II*1I1 -2.21 .09 -2.20 -23.29 -23.29 24.29 153.67 S9.63 -.96-43.9

2 W <.13 (.33
I 1.72 5.S0 -4.85 ,59 -24.36 -16,0 -41i.59 17.1 Mi.12 86.8S -4.73-78.06IX 2.S3 7.59 -2.42 24,93 9.19 -. 47 .36 1.47 i.678 86.59 1.20 50.19
I11 2.73 9AS -. 61 1s.06 .8, -. 18 .S 1.16 i4.52 86.16 .10 S.64

-3.64 .29 -76 - 24 2 7 25.00 63.29 89.15 -2.12-63.62-2.63 .20 -4.82 -26.00 -24.69 27.01 1 ,28.5 89.55 -1.77-60.51
.3 2.12

6.,77 4161 -398.48 2.71 -621.84 -18.14 -23.22 19M14 1.36 ;-3.64 -i.SS-57.13II S.86 3S.15 B.45 6S.5 14.5 .13 .22 .87 3.77 7S.1S .41 22.48III 7.S7 4S.4S -t4.31 s51.1 -.•7 -.2. -.19 1.29 2.39 67.27 -. 21-11.80
-16.S5 i.ZZ -24.1S -1S.57 -17.84 16.57 12.05 8S.26 -i.37-53,96E[*I+II! -14.44 .9C -19.26 -21.43 -21.3r 21.43 22.09 87.41 -.i17-S.82

4 4 <,il <1.21I .2S 3.43 1.3 3.92 -64.66 -'.,o -±1 '1 2.39 17.60 96.7S -21.34-97.32II .48 4.95 -i32 68 59 12.73 -,o' .19 1.60 26,96 87V88 2.63 69.1SIII 1.e? 21.82 -16.97 55.8Si -26.46 -3.50 -.47 4.Sa 4.20 7A.5 -1.2-50. SO1+1i -t.82 1,96 -2S.97 -•.00 -.3.25 4.00 866S 89.34 -U0.71-84.67I÷II+III -6.97 1.31 -26.13 -17.00 -20.01 18.0e 4S.09 88.73 -3.59-74.45

S M (,lu (S.42
I <,ti (2.4?

II .11 2.67
III (.11 (2.42

1 411

!If

1 (.'.O 9,713

III (.al 9 .70

III

14408

I*II.11;

I (.t• ( ,,7I
I ( ,ie ( 9.70SIII (,iI ( 9.70

ItII+III40
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TABLE 128. ZINC FROM OIL RE-REFINING WASTE ON CHALMERS SOIL (B).

AMT.PENETR. AMT.RETD, CUM,TOT. CUJTOT, FRACTION RETD. DISTR1BUTON COEFFICIjPT
EXI, THIS EXT, CHALLG. REMD. T1IS TOTAL PENETR INC. SOIL S4L. JY
NR. LAYER UGI/fL UI/G UG/G UG/G UG/G EXTR. CHALL9, FACTOR RATO DEG. RATIO VEG.

1 42.93 SU.8 22S.23 311.08 225123 .77 .72 .23 3.34 73.3S !3,62 69.2~
II M2.24 253.48 -164.63 85.6S -'164.64 -16,.92 -1.,?2 21. -,4t-&232 -.66-33.32
111 93.02 186.04 64.44 250.48 64.44 .26 .26 .7?4 .68 34.16 .35 Mi.d
1+11 31.33 15S.Se, 30.33 .1? .09 .81 t.2.3 51-86 .24 13.68

I+I1eII* 41.68 183.6? 41.68 .4v .ýi .60 3.66 74.73 . 3.67

2 W 19.29 57.87
I

II
III

P11L
!tIP9III

This exper~xnent terminated
3 472.71i0G,26 after the first extraction

I of Chamlers soil.•.

II

III
lII

I+II+III

4 v 31.5 4?2. 99
I

II
III

+.11

1+II+Ill
S U .31 31.,•i

I
1II

I+II

I*II+&II2
6 7 3.74 16.389

I
IIi

I+III

7 U .,2 164.83 1--
I11
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TABLE 129. ZIMC FROM4 OIL RE-REFINING WASTE ON DAVIDSON SOIL (B).

ANiT.P£1ETl. ANT.RETi. CUN.TOT. CIM.TOT. FR&TION REM. DISTRIBUTION COEFFICIENTSEXT. THIS EXT. CHLi.G. RETD. THIS TOTAL PEETR. IK•L SOIL SLU ONLYNi. LAY•ER J/NI t. C UCI M/ G UG/c L/G .XTR. C4Ai.L. FACTOR RATIO DEG. RATIO DEC.

U 155.,54 311.08
I t46.45 292.91 18.1i 311.IS i.18 .16 .16 .74 .25 14.03 .06 3.SS

II 113,39 213.79 92.11 292.99 92.11 .31 .31 .69 .73 36,23 .46 24.64I1I 97.97 19S.94 4.85 211.79 4.85 .82 .12 .98 .31 16.98 .0Z 1.42
IMI1 S.15 155.54 55. t .35 .35 .65 1.64 S8.70 .M 28.7814I1+II! 39.38 113.69 38.38 .37 .37 .63 3.11 T72.20 .S9 31.44

2 W 19.22 57.871 23.74 71.21 -13.33 368.95 A .8S -.23 .t 1.23 .04 40.65 .07 3.8?

11 224.22 672.66 -631.46 364.11 -519,34 -8.45 -1.43 9.4S -. 68-34.14 -. 76-37.13III 47.17 141.51 531.16 73.4S 53.l1 .79 .61 .21 4.M8 76.54 3.79 75.21
I+I -317.39 184.48 -2S2.25 -16.62 -1.37 11.62 -. 42-22,93 -.75-36.87

1+11+111 -27.98 122.9 10.51 -1.45 .19 2.45 3.1.2 74.96 .22 i2.55

3 9 172.711136.26
1 45.65 273.91 762.35 i46S.2i 767.23 .74 .S5 .26 3.01 71.57 2.91 70.3SII 191.911151.41 -877.49 638.2-1336.83 -3.23 -2.17 4.23 -1.M-49.16 -1.28-51.31

III 15.45 92.72 1058.68 2124.85 1594.69 .92 .79 .08 07.79 86.78 17.21 86X1+11 -57.57 732.61 -319.82 -.11 -. 44 1. i -.35-19.14 -.54-28.29
I+ll+IIU 314.S5 468.41 325.32 .11 .69 .09 iS.86 8M.39 IC.M2 84.57

4 0 35.25 422.99"
1 35.55 426.62 -3.64 829.21 763.S6 -. 11 .42 1.01 1,92- 2.47 i.l,. 63.8111 42.82 S13.89 -7.26 9164.64 -1474.1? -.21 -1.38 1.20 -2.76-70.19 - .8r.-7k .. 8

III 41.9" 491.86 23.03 2538.74 1i7,72 .14 .64 .96 3.41 73.65 3.30 73.10I+II -45.45 914.16 -35S.27 -.2 3 - 1 . -9 •, _ 7•_= _3 -. 38-.1A
1+1111ll -22.62 609.40 302.39 1.16 .S 1. 16 2.06 71.71 1.85 b1.53

1 W .31 31.S5I i1.31 247.3 -215.74 1859.71 547182 -6,3S .29 7.85 2.44 67.76 2.22 bS.71
11 12.32 29•.73 -48.48 1311.89 -i522.57 -. 20 -1.16 1.23 -4.96-78..41 -5.15-79.01I11 12.63 313.11 -7.2 2834.46 16164S -. 02 .57 1.02 5.50 79.69 5.32 79,341+11 -032.It 92n.84 -487.38 -8.38 -. S2 9.38 -2.SS-68.60 -3.3C-73.12 ,l+1I+1.1 - so.51 619.91 211.93 -8.62 .34 9.,2 3.73 75.0Q 2.1M 64.52

6 0 3.74 179.38
1 6.97 334.51 -i15.14 2139.09 392.69 -. 86 .19 1,86 1.34 S3.23 1.0i 49.S7II 6.46 311.2? 24.24 i4,. 41 -1498.33 .37 -. 91 .93 -4.6S-77,87 -4.83-78.'k1Il 6.77 324.82 -14.S4 3144.74 1595.92 -.0 .51 i1.05 S.08 78.87 4.91 78.s0

I+II -65.4S 1319.54 -552.82 -. 73 -.S4 1.73 -2.8S-70.09 -3.S6-74.32
1+11+111 -48.48 679.73 163.42 -. 81 .24 1.81 3.03 71.7S 1.SJ S6.47

7 U 1.72 164.83li
I 1.82 174.53 -9.71 2213.92 382.?9 -.96 .X7 1.06 2.51 68.27 2.19 65,S0II 2.12 193.92 -19.39 1820.93 -ISi7.73 -. i1 -. 83 1.i1 -?,54-'82.45 -7,'3-82.72

II 2.12 193.92 .11 3338.66 1595.90 .00 .48 1,00 8.51 83.30 823 83.07I+II -14.54 i101.96 -S67.37 -. i8 -.51 1.18 -4,72-78.,3 -S.8S-80.3l.I14ll1 -9.73 734.64 153,72 -. 18 .21 i.i8 4.93 78.S4 2.39 67.19

41.4

rl '[I l I II
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TABLE 130. ZINC FROM OIL RE-REFINING WASTE ON NICHOLSON (B).

AITP.NEIR. MT.RETD. CUNI.TOT. CUM.TMr. FRACTION REID. DISTRIBUTION COEFFICIENTS
EXT. THIS EXT. CHAIW.., REID. THIS TOTAL PENETI. INCr. SOIL SO"L OtJLYN I. AYU UG/. U9/G jr,/G UG/C- UC/Z EXTR. CHALLG, FACTOR RATIO DEC. RATIO DEC.

I w 5.54 311.18
I 16.1.5 Z1.1 98.91 3i1,18 98.99 .32 .32 .68 .82 39.33 .47 2S.12I IS,14 21MA 2.12 212.11 2.12 .11 .3t .99 .37 21.09 .91 .5
II1 81.41 162.81 47.27 216.18 47.27 .22 .22 .79 .7M 36.86 .29 i6.19
IM 5.56 155.54 5,s.5 .32 .32 .68 t.90 62,31 .48 25.684I+I'+•I 49.42 103.69 49.42 .4 48 A ,L SJS 79.79 .91 42.32

2 9 19.29 S7.87
3 34.44 139.36 -51.sl 368.95 47.47 -r.9 .13 1.89 t.12 48.18 .43 23.46

II 51.21 153.62 -4.24 321.,4 -9.22 -,41 -.13 1.41 .21 11.97 -.2?7-5S.37
III 48.N 144.23 9.39 363.71 56.66 .66 .16 .94 .91 42.35 .39 21.45
1411 -47,.7 '14.48 2.63 -1.65 .It 2.65 1.90 63.23 .13 1.96l+1I+II1 -26.79 122•9• 20.61 -1.49 .17 2.49 5.11 78.50 .43 23.23

3 V 172.713•16.26
I IM.5 9M.24 163.12 141S.21 151.49 .13 .41 .91 .24 13.57 . 9.t 6
Il 15.S 927.13 6.16 1254.72 -36.14 .11 -. 13 .99 .14 2.39 -. 14 -2.2.
III 55.54 MM .94 -6.36 2"1.8 56.61 -.61 .04 i.l1 13 7.65 4@S 3.M3bIli 54.54 712.61 57.17 .11 .18 .89 .42 24.14 .12 7.03

1+11+I11 34.34 468.40 S4.91 16 .12 .91 .9M 41.) .19 13.02

4 M 35.25422.99 0
I 44.56 486.31 -. 0.12 i .21 97.47 -. iS .0AS .15 .33 18.6 .i8 16.21

II 54.1 649.63 -163.62 1748.74 -199.79 -. 34 -. 11 1.34 .09-10.89 -. 31-17.69_II . L 44A7• i 40A*V 4L6 70 £ an Aft&w .M e .07 .0c + ".46 UA• 7.72|V
I,!! -143.32 914.11 -56.16 -. 54 -. 06 1.54 .29 16.3 -. 17 -9.6i

141M.1I1 -3 6199.41 19.12 -.26 .13 1.26 1.33 5,39? ,1t 6.14

5 w 1.31 31.51I
I 1.11 264.22 -M3•.71 1I9.71 -14M.24 -7.39 -. 40 8.38 -. 27M4.93 -.55-28.83I 1 11.• 9226, M -21.82 2104,3S -22t. S9 ,M% -. it t." -, S.t-27.i17 -. 71---7,7

i11 0,13.3 i7.54 -31.S 2Mh.65 137.86 -,it .96 1.it .67 33.81 .4. 23.47
l+II -127.24 929.86 -183.42 -8.08 -. 21 9.16 -. 24-13.30 -t.,9-52.16

1+II1+Il -5.34 617.91 -76.32 -9.68 -. 12 10.69 1.40 S4.44 -. 72--3S.79

6 0 3.74 179.38
1 3.23 155.i4 24.24 2039.39 -121.01 .i4 -. c6 .86 -. 30-16.58 -.7"1-37.95II 3.33 157.98 -4.85 2161.09 -226.44 -. 03 -. i3 1.03 -. 95-43,47 -1.42-54.76

III 3.63 t45.44 14.S4 238.5 15.41 .09 .06 .91 t.56 57.38 t.%S 46.341+11 9.71 1109.54 -173.72 .1M -. 17 .89 -. 31-16.78 -2.i7-65..81+11+II1 11.31 679.71 -65.31 A19 -. ,i .1: 3.29 73.19 -1.34-3.29

7 V 1.72 164.93
I 1.9Z 164.22 -19.39 2263.92 -14139 -,12 -. 06 1.12 -. 36-19,60 -. 76-37.31

II 1.662 ISS4 29.09 2344.31 -197.35 16 -,0a .84 -. 79-38.31 -i.7S--.83IIII 1.3t i26.85 29.19 241.-67 181.50 .19 .07 .8! 2.03 63.81 1.44 ;.L221+11 4.85 il1.96 -168.87 .06 -. iS 11 -. 25-13.9S -2.i8-65.33
1+11+11I 12.93 734.64 -52.08 .24 -. 07 .,6 4.10 7b.30 -i.24'51.1i
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APPENDIX A

CORRELATION BETWEEN CHMULATIVE EXTRACTION VOLUME
AND PENETRATION 'ThC. AT DARCIAN VELOCiTIEb

Tzfle A~-1 is similar to Table 12, page 37. except that Darcian veloci-
ties alre given instead of pare water velocities. Equation 14, page 36. was
used to prepare triis eygmple.

TABLE A-1. CORRELATION BETWEEN EXTRACTION VOLUME AND PENETRATION TIME

Water Cum~ul. Equivalent Uays of Penletrationa
Extraction Added, Vaol., -5 -6 -7

Number (!%{!g) (mLIg) 01.0 cmIsec U10 CM/Sac 010 cum'Sec

1 2 2 2.3 23. 231. (0.63 yr)
3 5'.578, (1.6 yr)

3 6 11 12.7 127. (0.35 yý') 1273. (3-1.5 yr)
4 i2 23 26.6 266. (0.73 yr' 2262. (7.3 yr)
5 24 47 54.4 544. (1.5 yr) 5440. (15 yr)
6 4e 95 110. (0.3 yr) 1100. (3.0 yr) 10993. (30 vr)

96 191 221. (0.6 yr) 2210. (6.1 yr) 22106. (61 yr)

'At the specified Darcian velocity.

423



APPENDIX B

SHOWING CONCENTRATION AS A FUNCTION OF SOIL
DEPi'T AS THE WASTE EXTRACTION PROGRESSES

Table $-i is a way of presenting the raw data that shows the
conccntratior, (both micrograms/milliliter and micrograms/gram) in the
solution within the soil at every stage of the serial batch extraction of a
waste; the field of data gives a visual impression of the effects of depth
and laching time or volume. Studying this table to draw conclusions about
the onset of release of an element from the soil is best done with the
assistance of the tabulated calculations of amounts, cumulative totals, and
fractions retained, as given in Tables 63 and 66.

TABLE 8-1. CONCENTRATIONS OF SELECTED ELEMENTS IN SOLUTIONS FROM ZINC
SECONDARY-REFINING SLUDGE ON CHALMERS SOIL1!

Ecqaivalont 7100. Cays of Pur.tratioit, al! IOlaswsac Pwor batar velocity-'5 , 16.2 .I •35.A 7,4.5 15 l2 SO It0 I 5• at

C4mulaxiv* Extraction volu mltg
t! I 23o1 4 Ratio

9 4, ' h U91 9 -V9/ al .a g 'j uili ugi u9"'" 9 iq11i 9/9 u9/0/I u9/g ug/01 u9/9

1W . 232. 34.' 10 . 7. 34. /1.5 18 . 8.1 6.22 10. '".06•S 7.3

1 14 L. 28. 81. /,5. 31. 1.43 8 b9 19. 1.3 61. 1.1 /107. 1-1
17 33. 12. 34. , 5.2 32. 1.3 16. ,0.60 14. 1.4 68. 1.0 97. 1:2

(1 3,, 6. I 59 18. 1.8 11. ,' .71 8.5 /,O.25 6.1 0.25,- 12. 0.83 80. 1:3

I ad. -

9 5 19. 7.6 23. 6/ 4 38. 4.9 58 9.3. 220. 9.6 459. /7.5, 721.

1 0. 1.5 1 0.85 2.6 C.64. 3.9 .2 .! 0.26 6.2 0. 67 0 2. 0.57" S. 1:10. 35 '1. 0 .35 /.291 1.8 0.58 7.u 0.10 2.4 0.so 24. 0.17' 16. 1:2
l .7' C 1.4 .9 2.7 0.531 3.2 0..16. 1.9 0.74 17.8 0.2/ 11. 0. 12. 12. 1:3
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APPENDIX C

RESULTS OF PUTTING WATER ON SOILS
PREVIOUSLY EXPOSED TO WASTE LEACHATE

SOILS LEFT FROM SERIAL BATCH EXTRACTION EXPERIMENTS

Batches of soil that had been exposed tc a series of seven extractions
of waste (as described in the body of this report) were saved and one of the
sets (from the duplicates) was extracted with water. Batch I of each "old"
soil was first extracted with 2 milliliters of water per gram. After
periodic shaking, the soil was filtered 24 hours later and the filtrate was
used to extract soil batch II. Batch I was again extractcd, this time by
3 milliliters of water per gram. then by 6, and finally by 12 milliliters per
gram. The filtrates from these were used as the challenges to soil batches
II and III, each in turn (except that only one batch of soil was challenged
by zinc-carbon battery waste). The results of analyzing aliquots from these
sampies are presented in Tables C-i through C-3 for zinc-carbon battery waste
and in Tables C-4 through C-6 for titanium dioxide pigment production waste.

SOILS LEFT FROM SOIL CAPACITY EXPERIMENTS

Preliminary experiments had been run to determine the capacity that
these clay soils have for holding hazardous ions from waste leachates. In
those experiments, samples of the soils were challenged repeatedly by waste
leachate. First, a large quantity of waste leachate was prepared by
extracting a waste with 2 milliliters of water per grain of waste. Then
aliquots of this extract were placed on a soil in the proportion of 2 milli-
liters of waste leachate per gram of soil. After 24 hours, the soil was
filtered and another 2 milliliters of leachate per gram was placed on the
soil and shaken occasionally for 24 hours. This process of challenging the
same batch of soil with the number one extract of a waste was repeated until
the soils had been exposed to a total of eight of these extracts. (The
results of this work were not reported because the limiting capacity of the
soil was not reached, and besides, the capacity thus determined would not
apply for any other combination of extracts.) The soil remaining from these
experiments was used to examine what could subsequently be extracted from
them by water. First, this soil was extracted 24 hours using 2 milliliters
of water per gram. then, after filtering, by 3 milliliters per gram, and
afterward, by 6 and 12 millilites water per gram of soil. The results of
these water-flush expei-iments are given in Tables C-7 through C-9 for
zinc-carbon battery waste and in Tables C-10 through C-12 for titanium
dioxide pigment production waste.
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Table C-i. Selected Metals Extracted by Water on Chalmers Soil Previously
Exposed to Zinc-Carbon Battery Waste in Serial Batch Studies.

METAL ExToAcr LAYER 7 CHLJENGE Amr. PENETRATING. WT RETAINED FRACTION FETAINED EXUAT4ACONDCJATIcV-
vgn q/q ug/f1L Uq/q uqi/q mrs TOAL~ PHo ry(UMHOSI

LEAD I Kif i .44
1 .90 .14 .07 113 -,3.~01 7.4 '600

Sto .01 .04 'go
1 .06 .00 .05 2 2 040 .

3 48.16 .04 .01
.6 .00 .69 M5 -.54 .10 .01 7.3 f1150 L

4 "M .64 .01 .19
1 .06 .41 .19 1.67 -1.17 .61 .94 6.? 15*564

CAIM I M.16 .21 .00
1 .66 .66 .13 .06 -.16 A4 .11 7.4 4666

1 .66 .06 .01 .93 _103 .14 .64 7. 11

3 lD.46 if4 .86

4 90304 A

ZINC I HN2 .14 .46 .64
1 .6606 1.81 3.62 -3.62 .46 .11 7.4 46461

2 ae .46 Of6 if
1 . 06.4 .58 1.73 -1.73 A6 .16 7.3 7490

3 wo3 .60 .69 .06
1 .66 .61 .97 5.82 -5.82 .01 .46 7.3 11506

4 K130 .66 .4616
1 .64 .11 .67 3.66 -8.1 .6 .14 6.? 15566

a1 I batch of soil.
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Table C-2. Selected Metals Extracted by Water on Davidson Soil Previously
Exposed to Zinc-Carbon Battery Waste in Serial Batch Studies.

-TVA EXlhKT LATR• CNg..LME MT_ PENETIATIK UT ETAINED FRACt1IO PErAINED EXTRACT CONcPU!V-

wq/ 44 1qiq .qhIL sq/q Vq/q MEI TMIAL p1 I!TY tvfhJ1I
----- ----- ----- ----

LEAD I HRi .65 .11 .1
1 .1 .06 .'1 .19 -.i9 .61 .06 613 578 I

'CI

.li If?,I2 12 ,.6.6 l .66 -.1 ,1,I , 6'T

11K0 .11 .11 , .10

1 .66 ,11 .16 5.16 ,4f ,66 1,5 i Ii
CIm I HN .11 .11 ,11

1 .66 .16 .61 .62 -. 2 .66 .66 6.8 57V

2 a12 .11 .11 .61
1 .ll .11 At1 .1 -.63 .11 ,11 6? 6211

m a .66 .66 .36
1 .6 .66 It .12 -. 10 .66 .II 6.2 12Of6

.6 .1, At .64 -. 12 .66 .If 7,Z t2l51

0 .6. .1 .-6. .I!1 ,tl6 ,66 .61

1 .II .66 .43 .17 -.. .6I .66 6.8 76I
2 NN .A .6, .1

1 .6..16 .17 -.S -. •2 .6.O As 6.? 66

3 .66 .66 .66
1 .66 .66 S5? 3.51 -3. ;1 .66 .66 6.5 19111

.f .66 .11 1.33 -1.33 .66 AsI 7.2 i2so1

a I batch of soil.
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Table C-3. Selected Metals Extracted by Water on Nicholson Soil Previously
Exposed to Zinc-Carbon Battery Waste ir Serial Batch Stuties.

mETAt EVrior LAYERa COWLIgCE A[r. PENETrATIN wf RETAINED FRACTILIP 0RVAINtO EyrRACT i:N~r'rr.-
.q/mL ufq uq//L Iq.q rg.s T TTAL pH fT y (umIS)

1 ,00 .V .14 -.14 .01 .0 ',• 4910

.0I .M .

.6,I .01 .0+ ,$2 -,S2 ,gO ,IE 7.3 80•0r.l .o 1.21 -. 2k .00 .003 120.16 .34

4 to .I0 .,8 .I6
r .16 ,M .l 141.11 -..0 0, .00 70 20

CORM I Hm .'I .II .60
1 .6 .11 .I2 .64 -. l4 .10 . if 7.0 60

2,lO .t o .6
1 .66 .16 'I$ .63 -. 163 .11 .6 6.4 5651

3 0.l0 .II .1
1 .66 .66 .61 .6 -. 16 .61 tII .0 M666

4 1 .6l .el .66

1 0 .II .6I .66

1 .66 .6 f.Z6 3.77 -3.7Y .M .I6 6.4 5616

N'if .I .66 .I
1 ,6l .11 1.36 7.31 -7.21 .66 .66 7.0 8661

4 Hm2 .61 .to.61 .1a .6 .56 6,67 -6.67 .4 .66 7.6 7zo

Ia = batch of soil.
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Table C-4. Selected Metals Extracted by Water on Chalmers Soil Previcusly
Exposed to Titanium Dioxide Pigmeoit Production Waste in Serial
Batch Studies.

fiVML EXTRACT LirEpa CNLEEAr. PEERw~rre Wr IETAINE FRACHON RErAII.(D EMrrcr CaONDLCTIV-
sqRL sqq q/I vqq/Q 11 I TOi TuAL P N1 [ryunHOSl

AI~tfi .01~ .06 .06 ..060 6. 10
11 .13 .66 .62 .64 .62 .33 .33 7.S S440

111 .12 .14 Al 62 .62 So .So 7.3 7166

2 As6 .10 .As
I .96 .66 lot .13 -.63 .16 *6f 7.6 5700
II .61 .63 .91 .63 .66 .166 7.3 8i0l
il .41 .03 Ai~ .66 -.63 -1.66 .14 7.4 7311

3 F0 .66 .66 .01
1 .00 .66 .61 .66 -. 16 A6 .16 7.6 51810

11 At1 .66 .11 .66 .66 .21 .13 7,1. 11141
ftI .61 .66 .02 .12 -. 06 -1.66 -.54 6.9 6466

4 NN~ .66 J66o
I Sd .66 .61 .12 ..12 Asg. 6,5 M76g

U .61 .12 .61 .12 .66 .16 .17 7.2 12666
Uj .61 .12 .11 .12 .66 .66 -.28 7.4 9666

riwn of 6 .116J
1 .16 .6 .16 .28 -.:s As6 .66 6.to66

Id .16 .2 .2 .26 .06 .66 .66 7.3 7666

2 IU.66 .66 .16
.10 .66 .1 .31 -.So .16 .66 7.0 Su66

U .16 .36 .16 .36 .66 .61 .Al 7.3 866o
11 .16 .1 .1t .31 .66 As6 .66 7.4 n366

3 As.6 .61 .16
.1 .66 1 .16 .61 -.61 .66 .66 7.1 56666

if .16 .61 .16 .61 .66 .16 .66 7.1 11666
Ill .16 .61 .31 1.82 -1.21 -2.66 -1.69 6.9 6.4vi

4 weO .66 .66 .16
1 .66 .66 .16 1.21 -1.21 A6s .66 6.5 27666
II .16 1.21 .16 1.21 .16 -66 .04 7.2 i2v66

ill 16 1.21 .16 1.21 .16 .16 -.52 7.4 f666
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Tdble C-4. Selected Metals Extracted by Water on Chalmers Soil Previously
Exposed to Titanium Dioxide Pigment Productinn Waste in Serial
Batch Studies. (Cont.)

q&TAI. E11r4 LAIZSa C1*.LE/CE AnT. PEprfow wr ETAIOED FIACTIN PFETAU( EXtRAT O•A EfC IVI-

,q/eiL. wq/q wql ,iq wq/q tiiS FO TL pH[ UT(VAES)
-------------- ----------------

LEAD 1420 ,V 6 .01 .1I
1 .11 .64 .09 .17 -X, ,•8 .A9 t.8 9is6

1 .10 .1? ,78 ,i1 .,1 ,08 .68 7.S 5494

lu .68 .16 .8 .16 .II .1! .91 113 ?000

2 120 .41 .66 .AC
I .I .6I ..8 -2S -. ZS .88.0o 7.8 s311

I1 .66 .5 .69 .15 .68 .4 1 44 7.3 8606

I II .99 In .66 ,24 AI1 ,is .83 '4 7306

3 H20 .1 .8
I II ,1? .5S -. 55 .06 .06 7.0 stIll

Ii ,6 ,5' .69 .52 .63 .15 .A5 ¶1 UM664

I1 .19 ,.2 .61 .53 -A -. o .61 6.7 6'69

4 IQO .66 .86 of
1 .86 P16 .6 1.13 -1.13 .66 66 1.5 27866

11 X9 I'1ll 1 1.66 .67 .16 A1 7.2z 12666
III A?9 IA .19 1.O .63 .03 .12 7.4 ?606

TT TY.TT fletinnata three kft4nkaa of soi &-hL were extracted using ieacnate %r

rom the baten a;bove it i'n'tthie sequence.
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Table C-5. Selected Metals Extracted by Water on Davidson Sail Previously
Exposed to 7itanium Dioxide Pigment Production waste in Serial
Batch Studies.

OCTAL. EXTIACT LAW1 OWUNGEI mr. PENCTRUK Vt~ IETAHIW FRACTION RTINED EXTRACT LVNPJCrV-Iq/L "/1q "/91- 1q/Q #qj THIS ro rA ok Intots

O~tm gO 66 .66 .01
1 .66 .ts -8if -A1 .86 M6 6.9 5160if .1 16 '81 .62 .9 0 1 .81 7.3 48316IT 08 8 *1.2 .86 .01 .667. 66

2 86.69 .66 .01
1 .68 .16 .62 .64 -.06 'If .66 6.4 112694if .6 .16 .01 .13 .63 .56 .61 6.9 7466fir .61 .63 .61 .6366.6 .04 7.0 610W

1 .6 .66 .01 .66 -A6 M8 M6 7.0 13169it 8 .84 .61 .66 .46 .41 .50 7.6 "of6It .60.6 At At6 .16 .11 .08 7.1 bell

4 NN .0 .6f .if
1 .06 .66 .62 .24 -.24 .90 .66 6.6 23066it .82 .24 .611 .1.2.2 .51 7.2 1356fir .81 .12 .11 .12 66.6.88 7.4 @so#

A 9 .66 .113 .36 -.36 .6 tq6 S~idi
11 .111 .36 .16 Zl2 .16 .44 .44 7.,3 4049
1! .16 .21 .16 .19 -H9 .16 7.3 Ulfg

2 6.66 .11 .06
[ .66 .116i .36 -.1 .39 S8 .4 12161II .11 .36 .10 3 .11 At6 N2 1.9 7466.10 .31 .19 3 6 .66.6 4 6166

1 .66 .10 .10 .61 -.61 .16.6 7.9 1ail#if .10 .61 .10 .61 466 46 .13 7,A 1166111 .16 .61 .16 .61 .66 .01 0.6. 7.1 fi666

WN9 .06 .66 .66
1 .04 .66 .16 l.?i -1.21 .66 .10 6.6 UM66It .16 1.21 A1 1.2t .16 .11 .67 7.2 13566frZto111 .16 1 .16 .1.8 6 .16 7,4 8516
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I

Table C-5. Selected Metals Extracted by Water on Davidson Soil Previously I
Exposed to Titanium Dioxide Pigment Production Waste in Serial
Batch Studies. (Cont.)

n~rAL EVRACT LVAF6 CNKLt[• A T. rENEPATIP6 VT RErAINED FfAcrwo PEA!14E EXT1RACr CONDULT1ý1I
"AML 19/q vq9AL 1q/q wq/q MHIS rOTAL p4 tr(fVI4S)

LEO i HNZ A86 Af .1 .$0 .I ,88 .,0 -. 17 ,I .Ac 6.7 Slag
if .I8 17? .48 .16 ,At ,43 .13 7.3 43l
ItI .98 Al .T? .17 -",I -. IS -. I5 ".3 62oI

M If ,II ,.I
[ .i ,I .I6 ,. ". VII .II 6.4 6100if .6 f .27 ., .Al As14 6.4 7410It! .19 .26 .06 .24 i7 .16 .8, '.0 6186

3 on ,I .II .l6
I .11 .6I .6? .SS -.SS .AI .I ?. 13416
It .? .AS .6I M U .4 .14 ..1 ?fol
1l1 .01 .5 .03 .5 .3 .16 .14 7.1 6111

£ .66 .A6 .11 1.14 -1.14 .1I .II 6.6 23111
11 .I 1.14 .1 .ll .14 .04 .14 7,2 13514

Lit ,I? 1.16 .? 1.11 .At .I1 .3 7.4 8566

a IaI,III designate three batcnes of soil that were extracted using leachate
from the batch above it in the sequence.

i
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Table C-6. Selected Metals Extracted by Water arn Nicholson Soil PreviouslyI

Exposed to Titanium O.oxide Pigmen~t Proauction Waste in Serial

mix. ExaUcr .MAw oLLEm Mr. 16"ATING VT IETIATND FRACTION PETAfINE EMTAcr coNK)CTv-

OSIIII I IZC .1.66 .16 .16
I .i .1 .1 .02 -. 12 if4 M6 7.5 6U18

it .1.602 .14 -. 02 -1.66 -1,11 6.8 5401
111 .62 .14 .41 .62 .12 .So .56 6.4 62661

2 1 .n1 .3 .6 .63 .6A6 .6 '6 76
1 .1 1 .66 .66 -.13.0.0 i? 9It .66 A6 lot .63 -.03 .66 -.44 6.1 764

111 .61 .63 .61 .13 A.10 .21 6.8 blot

10 .0 .66 .11
.0*s .66 .61 .6 .6.80 .e 6.6 12666

If .61 .6 .61 .66 .66 .66 Is1 6.3 1itl6
lit .61 .66 .6 .66 .66 .06 IS5 7.2 61100

4 IN -6 If 6 .16
I A6 .66 .61 Ui -.12 .16 .66 7.6 13666

it .61 .12 .61 .12 .66 .66 .6 7.2 Q1361
If1 .#1 .12 .61 .12 .66 .96 .19 6.7 7041

MOM I IN .00 A6 .84
1 .91 .66 . .21 -.2; .46 .66 7.5 &261

1 .01 .66 .1 .31 -.40 .14 .66 6.7 M%6
it .10 .10 .16 .31 106 if -.56 7.6 7641

lit .16 -31 1 .30 .@$ .66 .36 6.8 6146

1 0 .66 .46
& A .11 1 .61 -.$1 .66 .66 6.8 12666

U .16 .61 .16 A~ .66 .64 -15~ 6.6 ItMg
III .10 .61 .17 1.6 -.4? -.76 -.11 7.2 6886

4 0o .66 .66 .46
1 .66 .66 Az2 1.4s -1.45 .66 .00 7.1 13666
U.12 Il45 .16 1.21 .24 .17 -.42 7.2 1U16

lit .10 L.21 .11 1.21 .66 .66 -.As 6.7 7016
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Table C-6. Selected Metals Extracted by Water on Nicholson Soil Previously
Exposed to Titanium Dioxide Pigment Production Waste in Serial
Batch Studies. (Cont.)

ETALM ExTrAC LAMTF a OSJ.IEI Mr. w(T1ArING VMT 1TAIND FRCTION A( £ZNIACY CaNwrrV-
*1 q'ql vql/mL TN[ 11 HS M~AL pH fVy(ofiaS)

ILEAD (20t .66 .66
1 .19 .Fl .8 .17 -. 17 ,It .1 7.S 6210
if .8 .17.17 .17 -.69 -. 11 -. 11 6.8 S461

III ,At .17 .11 .17 .11 .12 .2 6.4 6711-

.,61 .If .0_
1 .69 .66 ,1? ,27 -. *? .I .t6 6.7 9I -

It . .I ,1 .. 7 .11 .62 I1t 7.1 7661
IL .#? .Z7 .19 .26 ,11 .I .13 6.8 6811

.11 .6 .611
.16 .66 ,6? 1SS -. SS .66 .11 7.6 12111ff Si? .5 3• , .I1 .12 .12 6.8 ltli [

fi t .19,1, I .5 0 - . 1 5 - .0 1 - .0 3 7 . 2 6 i" 0

4 H20 .11 .U4 .011
I .9I .II .19 t.1"1 -1.11 ,II MI 7.1 13l11

.6? 1.6? .6? 1.I? .6U .5 .41 7.2 12011
111 ..? 1.? ,6? 1.65 .U 04 .66 6.7 7641

m
II.III designate tMree batches of soil that -ere extracted using leachate
from the batch above it in the sequence.
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Table C-7. Selected Metals Extracted by Water on Cha mers Soil Previously
Exposed to Zinc-Carbon Battery Waste Leach'b i in Soil Capacity
Studies.

V(TAL Exroact LAW a Dkli T. ~(FWP4riK oi PcAt FI.ACi'tjN RE 7A.'K- FAcrPC Cc~sXocTiv-
#/ q/mL wqq Vq/; N~IS rtirk

----- - - - ---- --- --- ---- - - ----

LE t •m , ..o If
& .66 .66 .1,2 -. 14 AI l9 ?,"7

2 KN. 6 .066
NI Al .6 .2 -2b .0 V 2

3i KID .96 .10.0
I .6 ,11 .As .o7 -. 57 .40 if MI. 1

4 IlO ,66 .6 .06
1 .66 .66 ,1.64 -1.94 .I .10 7. 3$;

.10 .16 .66
1 .16 .66 ?z 1.84 -1.84 At .66 7. 517

to~ .66 .66 .16
1 .66 .66 .61 A6 -.31 .11 .06 7.Z 1666

4 e .66 .06 694
1 .66 6 .01 .0Z .1 .14 .64 7.6 M$6

ZUE . 1 .16 .66
I ,6 ,o Z3.63 47.27 -47.7 .6g .0 7.1 Si

2 I .to .1I .11
1 .6 .I6 .21 1.63 -15.63 .66 AsI 7.2 171

3 i0 .11 .61 .61
1 .I .II .-S 3.63 -3.63 .I6 .16 7.6 1il6

4 No .U .I .66
I .As .I .25 3.13 -3.63 .66 .66 7,1 3866

aI a batch of soil.
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Tahl?'2- Selectcd Metals Extracted by Water on Davidson Soil Previously
Exprnsed to Zinc-Carbon Cattary Waste Leachate in Soil Capacity
Studime~

O~ EIRNcr LAC' chýEr o. PEEfsROUNGr WT RcrAim(D FOCrr~q R~rV.' EX7FACr CCNftjC , I'l-

LEAD 1 .00.6
At66 .1 .07 .14 -. t4 AO6 .10 S .

.. MO.01 .01 .11
At 61 .6 8 ..Is -.25 .40 AO I!

f .66 of AT .56 -. 56 .06 111111 52

4 KV2 .96 .06 '16
f .66 'if.4 1.1TO -1.13 .00 A1t S

CW11m 1 40 .0 . 01.6 600
1 .01 .11 1.64 3.21' -.7 .13 .06 6.? 42

2 lea .01 .11.:
I .6 .06 Iss 1.64 -1aý4 .01.1 7.0 its

3 ~0 .10 All .6
.*1 .0 .17 . 2 -. 42 .66 A1 7,1 5"A

4 Rm .66 .68 is
1 .10 411 .11 .12 -. 12 .01 .01 6.6 I666

z 1 .14 At .10
.6166 8.51 57.17 -57.17 At .66 6.9 4

2 Mi .66 As .00
1 .80 'Of 12.6] 37.81 -37.99 .11 .01 7.1 I1s

Y 6 .66 .6
'it 2.50 16.79 -16.79 .11 .06 7.6 526

4 IAi.6 .66 .16
1*.2 b6 i .16 -6.6 16 Al Al 6.6 11966
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Ta'le C-9 Selertedi MH tals Extracted by Watek- cr~ Nicholson Soil Previously
Eposed to Lirc-Carbon Battery Waste Lea--hate -inr Soil Capacity

?-f tML EXT1PCt Wqr'i VAU. M. FEP- %V. ~cA RUIND FRACTION U EAUED EXTRACT COliDUCrIV-
vr'/mL wqq ,q/i/i THIS TOA1L pH [TY(PW5C)

LEAD3 1 I 940 f .96 A6
I A .16 .17 .13 -17 .6 ~4f 61 ý7 64

.06 .66 .13
.06 .66 .18 ..- 35.610 7.'

I of AIc .6 .56 -156 .16 .00 7.3 360

4 go2 .66 .46 .66
1 .16 66 if6 .IS -LIS A6 .00 7.4 2410

CA0flflM I leo .66 .48 .60
1 .66 .16 1.2"1 2.42 -2-42 At6 .06 6.? 64

2 4w .16 .6 6A
At66 .6 .15 .45 -.45 .64 .10 7A.1

3 Kw0 .06 .46 A6
I A6 .14 .64 .24 -,24 .66 .11 7.3 jai

4 No .66 .16 .11
r .16 11 6 126 6 74 p6

111 I 9-J .61 6 6
I .91 .6 16.87 33.73 -33.73 .16 .6 6.3 60

2 IA6.6 .10 .66
A . .66 J.3. 11.91 -H1.91 .06 .66 7.1 186

.3 9].00 .66 .11
X .66 .06 1.65 ?.8 -Y.89 At6 .66 7.3 3f6

4 Km .a .11 .60
I .16 .14 A6 1.94 -1.94 .16 .40 7.4 21401

ý1tch of Soil.
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Table C-IO. Selected Metals Extracted by Water on Chalmers Soil Previously
Cxposed to Titanium Dioxide Pigment Production Waste Leachate
in Scil Capac 4 ty Studies.

CIwAL 'x1txAr Lh," CNALLEtWiE ANT, PEONCTRArING WT RETAIHED FRACTION RErAIn•D EXTRACT COMIrICIV-
.qiq ugqi. 0"L)/ THIS trAL~ PH 1MUrmOs

r ,6 'if .4 .68 -.G@ .00 .g 7.3 1100

2 H.,tl .,I At .6
A ,II .60 .t .#3 -. 03 .00 .00 7,1 37qa

3 1 .00 , ,0
.6, .66 .01 .6 -. 06 .00 .01 7,1 4800

4 "a .6 .00
f ,66 .Ii .61 .12 -. 2 .16 .0 6.2 1 3i +$

rzr1nm .II .I .I

06 .II .A3 .26 -. 26 .00 .00 7.3 l16d

2 I0 .A$ .It .6
f .I .4 ,t6 .3I -. 30 M0 .l0 7, 3•60

3 to .I6 ,II A
1 ,li .I .1 .61 -,61 .,I .60 7.1 4660

4 iHa .I .I G
r 'it .I .12 1.4s -1.4+ .0c ,f AC- 1346

LEN i .6 ,6I .I .II
..II .6t ,A6 s 16 -.16 AI .'g 7.3 I11M

2 003 .66 .0f6
.,II .66 .2 .17 -.A7 .0 .6I 7,A 3061

3 10 .6 dl .II
o f66 .61 .16 .46 -. 46 .1 ,96 7.1 4•0l

no02 .00 .06 .6
1 .l ,o ,19 I'.1 -1.10 .11 .01 6,2 1,501

al ba"ch c'f 0oil.



- ,.rMGM

Table C-11. Selected Metals Extracted by Water on Davidson Soil Previously
Exposed to Titanium Dioxide Pigment Production waste Leachate
in Soil Capacity Studies.

ItTAL EVXATi~ LAYEF a CHLLNG T. FENTI TIN if ETABOED FRACTION REZAINED ExrRAcrCT ONDjCTV-
wq~ qAL eq~ *~q THIS TOTAL PH ITY(VtW43S)

CHRGO:uN i HN2 .164
1 .09 .06 .14 .08 -.08 .10 4t6 7.2 740

2 20 .00 .41 .16
1 .00 .60 .61 03 -.03 .00 .60 7.6 00i

NZIO .00 .04 .00
1 .10 .00 .61 .06 -6 .11 .16 7.5 4901

4 oge .60 .00 .60
I lo .00 .01 .12 -12Z .60 if0 6.4 14000

N201M I ~ .06 .06 .06
1 .66 .10 .23 .46 -.46 .06 .14 7.2V 741

Nz .16 .66 .60
f .60 .16 .16 .30 -. 16 .01 .66 7.6 1300

3 N Al. .06 .00
1 .10 .0 .116A .61 -.61 .60 to6 7.S 4910

4 fla .10 .66 .60
I A6 .00 .10 1.21 -1.21 .14 .11 6.4 14661

LEM 1 10.0 .6 6
I .66 .16 .66 .11 -.11 .66 .66 7.2 744

2 WO .06 .66 .60
1 .66 .06 .02 AS5 -.65 .00 .16 7.6 1300

3 IN .06 .66 .01
1 .06 .16 .68 .48 -.48 .06 .01 7.S 4906

4 1120 .66 .06 .10
I .if .66 .6? 1.68 -1.68 .60 .4f 6.4 14#310

a = batch of soil.
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Table C-12. Selected Metals Extracted by Water on Nicholson Sail Previously
Exposed to Titanium Dioxide Pigment Production Waste Leachate
in Soil Capacity Studies.

XT,;!, EUrT!-T LATERa MAHLENGE ART. PENETArAING VT RETINED FRAlTON RETrAIN E~rR4ct C0DUrr'-

Yqn q/q oq/mL Vq/q 0q/q TH.I. rorAL. pH IrYl ufth.

'onrom A t , .05 ij
I .of .06 .04 .,6 -,18 .;w Jf 7.3 Sit

2 ZO .66 .04 .I
1 .10 .10 .41 .03 -.03 .g8o6

3 ego .64 .00 680
1 .16 .06 .11 .06 -. 16 .08 ,d 7.1 4186

4 g0o .66 .6A .I4
I .if ,66 .01 .12 -.12 .10 .88 6.4 11000

rrrzw i go.06 At .16
A6 .6 .17 .AS -. S 4o .1 7.3 836

A ,U .66 .A2 .36 -.3A .1 .66 7.1 1313 ,g .I .II .I6

1 .,I0 .6 . .A -.61 .'i .66 7.M 4916

S4 0 .1A .06 .6,
1 .66 .66 .16 1.2 -1.21 .6 .U 6.4 11ei

LE0 I N. .16 .,6

11 1 .II .I .16 ,if -.10 .66 .I ?.3 831

2 t .66 .II .14
1 .66 .69 .2 .16 -,16 .II .l6 7.1 13t8

3 .I .II .66
1 .I .68 .18 .47 -. 47 .I6 .II 7.1 4186

4 egO A6 M6 .66
1 .66 .06 .69 1.68 -1.68 .6l .A6 6.4 t1841

a" = batch of soil.
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APPENDIX 0

RESULTS OF PUTTING FRESH WASTE ON WASTES AND/OR SOILS
PREVIOUSLY EXPOSED TO WASTE LEACHATE

WASTE AND SOILS LEFT FROM SERIAL BATCH EXTRACTION EXPERIMENTS

To s'mulate the effect or dumping a new batch of waste upon an old
deposit of the same waste, batches of waste and soil that had been previously
subjscted to a series of seven serial batch extractions by water were
ch~allenged by the water-extracts from a new batch of waste. The new batch of
waste was first extracted with 2 milliliters of water per gram. After 24
hours with several shakings. the wste was filtered and the filtrate was
placed on the waste left from the experiments described in the body of this
report. This fMrst extract waS used to challenge Batch I of the three soils,
the resultiiig fl*tratt was put on Batch II, and this extract was placed on
Batch I1I using the procedure described in Section 4, page 10. Meanwhile,
the now wasta was axtracted with 3, 6, and 12 milliliters per gram, which was
used In the same way to challenge the old wastes and soils. The results nf

S.... m... u • ... ,..... tr~t- taae of this experiment are s.iown
in Tables 0--1 thrnugh D-3 and Figures D-1 through D-9 for zinc-carbon battery
waste and in Tables 0-4 through 0-6 and Figures 9-10 through 0-19 for
titanium dioxide pigment production waste.

SOILS LEFT FROM SOIL CAPACITY EXPERIMENTS

A portion of each of the soils saved from the soil capacity experiments
aescribed in Appendix C were challenged by extracts of fresh waste. These
experimants were run as described above except that the new waste leachate
was put directly on the soil, not on old waste first. The results are
presented in Tables 0-7 through D-9 for zinc-carbon battery waste and in
Tables 0-10 through 0-12 for titaniu:i dioxide pigment productio, waste.
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Table 0-1. Selected Metals Extracted by New Zinc-Carbon Battery Waste
Leachate Placed on Zinc-Carbon Battery Waste and Chalmers Soil
That Were Previously Extracted in Serial Batch Stuoies.

oRETA EXrIACr LATERa C4IA.LEX Mr. PFE*TtArIN ur irAiJ FACrIaON RErAIWD ExTRAcr cwwrIi-
sq/AL sq/q q/r.L .q/q 1qgq rllS OrAL pH IIy(Up4])

A I .1 06 .S .it -..i 7.4 71
O 01 .05 

.1 6 
1i .21 -. It -1, .I -1. 60 7.4 

It S

1 .10 .21 -. 01 -. 12 .23 1.19 1.a? 7.6 46

NWi .11 .11 6? .26 -. 26 7,6 66
0W .69 .26 .108 .. 5 .1 .04 -. Z6 76 54

1 .18 .25 .02 .17 .17 .71 .88, 7.0 46

I N .if If .10 .57 -.57 7.? 556
OI .1l .57 .? .SS .102 .13 -. t8 7. 1 236
1 .0? .55 .68 .41 .0 .,4 .47 7.,, 121

4 11 f1 60l .6? 1.14 -1,14 7.6 681
011 IT 1.14 .10 1.15 -. it -. 41 -. 04 7.6 566

1 .1I 1.15 .X. 1.10 IS .04 .24 7.7 361

CAhION I fM .06 .10 4.14 3.21 -6.28 7.4 71
ai 4.14 6.26 5.11 11.72 -3.43 -. 41 -. 41 7.4 18

1 S.06 11.72 2.4c 4.11 6.81 .S3 .53 7.1 41

2 V .011 6A 1.14 3.42 -3.42 1.6 66
so 1.1 4 3.42 1.66 4.7? -1.36 -. 41 -.41 7.6 54
.. 1.6 4.7 1.64 4.11 -.12 -.13 .41 7.1 46

3 ,IW ,II .1 2U . -. 73 7.1 5ol

S.12 .73 .43 2.61 -1.88 -2.58 -.54 7.6 236

1 .43 2.61 .43 2,•1 .it .91 .35 7.2 IN

4 W .11 .1 .i8 .77 -.97 7,6 681
ON .68 .A7 .11 1.33 -.36 -.3 0 -. 53 7.6 5 1 Il

..i1 1.33 .16 .73 .61 .45 .36 7.i 361

UKN 1 1 .00 .0 337.84 77S.66 -777.66 7.4 70

am 387.84 "75.62 M.,.6 7?.?2 -4.24 -. 03 -. 13 7.4 18

3 3" .?6 7?.92 S7.47 174,,9 624.99 .. 6 .,8 7.0 40

N S4.74 164.13 7T.1? RI,5M -46.36 -.Ij -,08 .b 54

f 76.19 2110.58 35.96 107.87 102.72 .49 .72 7,U 46

S N .01 .00 6.87 41.2t -41,21 7.? 50o

Ow 6.87 41.-1 17.27 103.63 -62.42 -1.51 -. 14 7.6 230
I 17.27 163.63 12.2 711.11 31.51 .30 .68 7,2 120

4 IM . #I ,i f 3.16 37,21 -37. "1 
7,6 68 0

O 3 3.11 37.21 4.22 51.66 -13.4s -. 36 -. 14 7.6 S61

1 4.22 50.66 2.16 25.21I 21S.45 So1 .67 >3 360

aNW = new waste: OW = old waste: I = batch of soil.
, 
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EXTRRCT 2 EXTRRCT 4

Figure D-1. Lead Extracted by New Zinc-Carbon Battery Waste Leachate Placedon Ztnc-Carbon Battery Waste and Chalmers Soil That WerePreviously Extracted in Serial Batch Studies.
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1.7

2.5 2.6

V.7

NW1W I NW OW I

EXTRACT I EXTRRCT 3

I>

NW OW I NA OW I

EXTRRCT 2 "XTRRCT '4

Figure 0-2. CarJ um Extractea by New Zinc-Carbon Battery Waste Leachate
PlaLu on Zinc-Carbon Battery Waste ano Chaimers Soil That Were
Previously Extracted in Serial Patch Studies.
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NW ON I NW 1314

EXTRRCT I EXTRACT 3

164

NW ON I NW ON I

EXTRK7 2 EXTRACT 4

Figure 0-3. Zinc Extracted by New Zinc-Carbon Battery Waste Leachate Placed
on Zinc-Carbon Battery Waste and Chalmers Soil That Were
Previously Extracted in Serial Batch Studies.
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Table D-2. Selected Metals Extracted by New Zinc-Carbon Battery Waste

Leachate Placed on Zinc-Carbon Battery Waste and Davidson Soil
That. Were P.,eviously Extracted in Serial Batcth Studies.

,CAL EXl'EAXT LAT. CMI.ZE Mr. mEmrmr wr IrTAIN FvaACTIrO ICT, rV fTrgfI CONacrIV
e•/A L , wg ,'q eq/ L O l/q vq ,q ll11A 12,w pH [r T tg" ,r

LEA I .lI .11 .15 .1l -715 . ,.
O.1 ,w6 .21 -.16 -1.66 -1.ll '.4 1t
1 .1 .21 .3 .66 .15 .7t .,1 6,. To

2 .,61 ,66 ,26 -.. 6 7,6 66
.U .69 26 ,6 .J5 .61 .04 -. 26 7.0 54

1 .18 .15 .16 .19 .IS .zz .45 6,8 4

2 H .66 .U ,16 .57 -.57 7.i t61
09 .16 .57 .M9 .,2 .13 -t8 7.6 z36

1 .9 .5 .61 .56 .65 .9 .25 6.5 R12

1 ... 1 .7 .,, 1.1 -. 1.6 68

ca m .,, .,0 4.14 4.23 1.X 7.4 if
4.14 lU S.11 11.72 -. 4 -. 4 -. 41 7.4 to

V S 11.72 2.1 S.82 S.A .5, 6.6 3,

0. .S ,,, 1,1 3.42 -3.42 7.6 66
IN 144 3.42 1." 4.7? -1.36 -46 -.41 7.6 54
1 1.4 4.79 1.45 4.C .42 IT .3 6.0 Q

A ,, ., .6 .12 .13 -. 73 .. 9 s,6
.z. ,ri .43 zf,6 -1.08 -1. -.54 7.6 Ulf

r .43 2.61 .4A 2.73 - -. Is .3 6.8 t12

4 ,1 .- a. .IA .17 -. 97 7.6 66
Om .I ," .11 1.33 -.36 -. -.53 7.6 566

S .1 1.33 .a .m 36 . .73 .35 7.1 426

Noe .0 6 .06 387.84 775.58 -77.68 7.4 7
O, J87.84 775.6. 399.,6 79.,92 -Z4.24 -. 43 -.03 7.4 I8
1 19.6 199.?2 76. 01? .11.39 W5.53 .~ 2 6.s H

2 N .11 .I1 54.74 164.2•..3 -1•4.2! 7.6 6
O 54.74 464.23 71.19 216.58 -46.36 -,25 -.18 7.6 54
1 71.19 21.58 29.7 ,89.38 121.26 .58 .77 6.8 41

3 68 .11 .11 b.87 41.21 -41.,1 7.? 511
011 6.87 41.21 17.Z7 113.63 -62.42 -1.51 -. 14 7.6 2.11I
1 17.27 163.63 i1.41 68.48 3S.15 .34 .73 6.8 Q96

4 0 .66 .6 3.16 37.21 -37.21 7.6 6aI
O9 .i6 37.zI 4,Z2 5.66 -13.45 -.36 -. 14 7.6 568
1 4. 2 56.66 1.44 17.33 33.33 .66 .73 7.1 4'1

NW new waste; OW = Id waste. I = batch of soil.
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1.1 3.2 1.1
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NIl OW1 I HD

EXTRHCT 2 EXTRRCT 4

Figure 0-4. Lead Extracted by New Zinc-Carbon Batter, Waste Leachate Placed
on Zinc-Carbon Battery Waste and Davidson Soil That Were
Previously Extracted in Serial Batch Studies.
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11.7

8.3

-77

EHMOw I MW Ow I

EXTRRCT I EXTRRCT 3

1O L1

3.4
413

M IOW I NNi Ow I

N640 1• NW OW I

EXTRRCT 2 EXTRRCT H

Figure D-5. Cadmium Extracted by New Zinc-Carbon Battery Waste Leachate
Placed on Zinc-Carbcri Battery Waste and Davidson Soil That Were
Previously Extracted in Serial Batch Studies.
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NW ON I NW ON I

EXTRRCT I EXTRRCT 3

LUL
II

NH ON I NW MlI 1

EXTRRCT 2 EXTRRCT H4

Figure D-6. Zinc Extracted by New Zinc-Carbon Battery Waste Leachate Placed
on Zinc-Carbon Battery Waste and Davidson Soil Th3t Were
Previously Extracted in Serial Batch Studies.
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Table 0-3. Selected Metls Extracted by New Zinc-Carbon Oatotery Waste
Leac'ate P'laceV ot Zinc-Carbon Battery Waste and Nicholson Soil
"That Were Previously Eytracted in Serial gatcli Studies.

.q/ A 4 11 .6 61. .65 t4 -. i/ T,4 IP 1
-i ,- -.2- -.11 -ie -"- - ---,- lB

""L I ON .M ,$J .to -,, 7.4 61
ft . .2s M4 .0' -.26 7.6 S4

I6.* S.16 is5 .61 .74 6.8 is

Ii .11 M1 .S7 -'s" 7. So
0U .!I V .6 .5 .•2 .63 -. 11 7.6 231.49+ h{ f ,S5 .6U ,4 .66 .15 .41 7.6 116

4 i ,to 161 4? 1.14 -1.14 7.6 680
S1. 1.15 -. 01 M-Ii -.4 7.6 %1

1 , 1.15 .1 1 .0d #33 .21 7,2 331

kS~ i U .6 .66 4.14 9.3 -4.23 7.4 76
U 41 1.28 5.116 1027 -3.43 -M4 -.41 7.4 to

.2I 2.l 1,7 2,61 4.12 7. 11 .64 .66 6.7

2 i .4 .16 1.14 3.42 -3.4;r 7.1 66
"1 .4 4.42 1.61 4.9 -1.3S -.41 -.41 7.6 S4

[ 1.6l 4.9 1.S7 4,73 .16 .62 .47 6.8 45

3 AN .A .6 .12 .n -.73 7.? 56
g .12 .73 A4 2.61 -1.16 -Z.!q -.54 7.6 236

AT3 2.41 .47 2.35 -.24 -. 19 .7 7,6 111
isto 84 .f .2 " -.Al A 7.6 61i

it66 M 1 1.33 .S .30 -5z 716 s6o
( ,11 1.33 46 .73 ,6i ,45 .44 7.2 no

.66 .A M 387.84 775.48 -775.68 7.4 7(
Nil 387.84 "S',.6 39.9h MYz. -24,14 -. 03 -. 43 7.4 16

I " f?9 M6 1 92 S1,41 IZ2.2. 6)7 . 16 .85 .85 6,7 45

.61 310 54.74 164,.1 -. 64,.3 7.6

38 54.14 1,64,"1 61: i. S3 -46.56 Is8 -68165

3 ~ .66401~ 4.1 -12 7.? 56#
. t, 4 Z. i 17,.7 IM,.-6 -62.42 -1,S1 -.14 7.6 230

t 7,17 013.9. 9.57 S7.4i 46.18 .45 .15 7.4 it

'If4 4, 3.14 37.21 -3.21 7.6 681
4.n 50.66 -13.45 -. !6 i14 7.6 569

!2.6 "3. • 6 1• Zl+ 1.66 's? 74 7,2 331

A N ew wasN-i. OW z ui

•_.4 ý50
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rx1WTmc EXTRR(T '4

Figure 0-7. Lead F•'tr&ctwd by New Zinc-CUrbon B6ttery Waste Leachate Placed
on Zinc-Carbon Battery Waste and Nicholson Soil That Were
Previously Extracted in Seria Batch Studies.
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EXTIRCI'IW• I EXTRRCI" 3

1;; _ __"#".7
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EXTRRCT 2 EXTRRCT 4

Figure D-8. Cadmium Ext~ractedl by New Zinc-Carbon Battery Waste Leachate
Placed on Zinc-Carbon Battery Waste and Nicholson Soil That Were
Previously Extractedl in Serial Batch Studies.
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Figure 0-9. Zinc Extracted by New Zinc-Carbon Battery Waste Leachate Placed
on Zinc-Carbon Battery Waste and Nicholson Soil That Were
Previously Extracted in Serial Batch Studies.
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Table 0-4. Selected Metals Extracted by New Titanium Dioxide Pigment
Production Waste Leachate Placed on Titanium Dioxide Pigment
Serial Batch Studies.

Kcm. cxywcr LAYTU a OwMwiM Ar, PE~r#irriK ur t~rArmi FRAMORW RErAIP(D EXTVACr OVJ"

"/OIL q4/1 4/6m[ 1 q/. V Vqj $mrs oTVTAL pH TYrrtwS)

Og1 I U .66 .66 .07 .14 -.14 7. 21
O0 .I7 .14 .66 .12 .62 .14 .14 7.6 569

U.6 .12 .13 .16 .66 .56 .56 .3 611
U .63 .66 .2 .14 .X, .33 .33 ?.3 96

Id .62 14 .62 .14 .16 .6I .II 7.0 1I56

U .0I .1 .65 .15 -. 1. 7.4 M71
l .16i .1I AS5 -IS .13 .17 .16 7.8 471

1 .45 . .14 .12 .13 .26 .33 7.4 436
[i .64 .11 .62 ,66 .. 6 .5. .44 7_2 615

Ill .62 .g6 .05 .15 -. 09 -1.56 -7A1 .1 761

3.6 .68 .63 .16 -. 1J 6.o 61l
.63 .16 .A5 .36 -. 12 -. 67 -. 14 7.5 6.36
.65 .31 .63 . .A2 .46 .37 7.6 66O

I1 .13 .16 .14 .24 -6 -. 33 .16 7.5 586
[II .14 .24 .62 .32 .12 .51 .79 7• 611

4 1 .A6 .66 .61 .12 -. 12 ",. 1566
el .61 .12 .13 .3a -. 24 -2.66 -.59 7.$ 1I1

1 .9, .-6 .62 .24 .10 .33 .35 R.7 1166
[1 .42 .24 .62 .24 .66 .6I .13 7.4 It1

fix .62 .24 .a .24 .66 .66 .A5 7.4 746

ITH I .66 .M .91 I-IS -1.15 7.6 266I
1 .8 1.-1 .29 .44 .71 .61 .61 7.6 S66
1 .2 .44 .16 .2 .24 .55 .AS 7.3 641

it .11 .26 .15 .31 -.1o -. So -. 59 7.3 nol
fit .15 ,X .11 .- .V X 27 .27 7,I Is$1

S .16 .1 .42 1.27 -1.27 7.4 336
a .42 1.. .21 .4 .64 .6 .5S 7.1 47O

.21 .64 .17 .9 .12 .11 .34 7.4 431II .17 .9 .1l ,,II .21 .41 .15 7.z i15
M1 .1l .31 .I1 .9 , . -. 32 7,1 7W

alU .A .A6 .19 1.15 -1.1S 6.9 ill
a .1? 1.15 .23 1.21 -. 66 -. 15 .36 7.5 631
1 .26 1.21 .9 1.15 .6 .fS .1i 7.6 u65

It .19 1.11 .12 ,73 .42 .37 .29 7.5 5So
alt .12 ,7 .12 .73 .n .66 -. 14 7.5 616

4 ,a .1 1.21 -1.21 7,6 Is1
* ..1 I.21 .1l 1.21 .6 .6I .27 7.5 11e

.1I 1.21 t.1 1.21 .66 .6 .1A2 7.7 11II
I1 .1 1.21 .11 1.3; -. 12 -.1t .13 7.4 911

I .11 1.3L, .16 1.21 .12 .6? -.,3 7.4 740
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Table 0-4. Selected metals Extracted by New Titanium Dioxide Pigment
Prqduction Woste Leachate Placed on Titanium Dioxide Pigment
Waste and C1l41ers Soil That Were Previously Extracted in
Serial Batch Studies. (Cont.)

'I6L ExUACtr UEVm MUM mr. 'mToAnurrc urlrAipsul FRACtJON FETAg. ExAct COPWTIV-
VqIAL )VI! VqnL Vq/1 .q/ r r" Is TOTAL pH [TIV•M•S

Lao I M A6 .66 .23 .46 -.46 ' 1
ON .23 .46 .? .14 .33 7l .71 7.6 560
1 .17 .14 .32 .14 .6 1 A6 .8'3 646

II .2 614 .62 .04 .ll .l6 .16 ?.3 961
lI .62 .2 .6 .04 -. U -. 0I -.At 0. 1,50

2 U .66 .4 .11 .,1 -,W 7.4 331
ON ,U .32 ,A6 .17 -IS .47 .61 7.8 471

..66 .,7 -. 12 -.I0 .22 1.,6 1.13 p.4 431
1 -.62 -. 1# .7? .21 -.2 5.6. 3 1," 7.2 615

EU .67 .21 .11 .33 -.1 -.62 -. S 7.1 ,61

3 [ ,II .6 I.63 .26 -,2 6.3 610
l .63 .21 .06 .5 -. 17 -. 85 ,3t '.5 636
S .M6 ,a .61 .63 .34 .92 A6 6.6 6

U1 .,1 .63 -. 02 -. L2 ,15 4,7 -4.31 ?.5 .se
I11 -.42 -. 12 -.62 -U12 ,66 .66 -1.61 i?.S 61l

4 a .6 .I .2 .27 r, ?,6 isll
S ,62 ,V .63 .42 -. 14 -. 2 .13 7.5 is16
1 ,I3 .4 -.03 -.,, .77 1.65 1.56 7.? fill

U -. 01 -. 31 -. 02 -. -. i3 .- .72 ?.4 9i6
S -.-.02 .6 .6, -.. 5 3.16 16.9 ?.1 741

a. new waste; OW * old waste: I,11,111 designate three batches of sail,
each of which were extracted using leachate from the batch above it in the
sequence.
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Figure 0-10. Chromium Extracted by New Titanium Dioxide Pigment Production

waste Leachate Placed on Titanium Dioxide Pigment Waste and
Chalmers Soil That Were Previously Extracted in Serial Batch i
Studies.4
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Figure 0-11. Titanium Extracted by New Titanium D.oxide Pigmnt Production

tWaste Leachate Placed on Titanium Dioxide Pigment Waste and
Chalmers 0oil That Were Previously Extracted in Serial Batch
Studies.
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Figure 3-12. Lead Extracted by New Titanium Dioxide Pigment Production
Waste Leacrhate Placed on Titanium Dioxide Pigment Waste and

Chalmers Soil That Were Previously Extracted in Serial Batch
Studies.
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Table 0-5. Selected Metals Extracted by New 7'itanlum Dioxide PigmentI

Production Waste Leachate Placed on Titanium Dioxide Pigment
Waste and Davidson Soil That Were Previously Extracted in
Serial Batch Studies.

ACTA (1nKT LA,, O O• Mr. P,1 4TrK wr trAIW FuAcTIO Kr;iA Exr4cr cgumcrrv-
11lal evi qtl Ilqi I 011 011 11W ro A'Poo til y proa lqs

On t N .# . .0 ,1 .414 -. 1461

IN .,r .14 .6 122 .1,4 .14 6.
[ ,6 .l! II 12.1l .3 '913 F. l q

.1 ,It .62 .63 .16 -. 04 -2.6 -. if 7.1 666l
Ill .A3 .66 .62 .14 .12 .13 .13 7.3 1I

as5.1 .63 .69 A6 .46 .5q 7.4 549
.61,I .61 .64 .16 -.13 +".4 333

II .16 .11 .61 .15 .13 .1?' .14 ;6 4'7

11 .63 .69 .65 .15 -. 164 -. 67 -. 1 S.3 1266
U .65 .15 .61 .13 .12 .6 ,67 6.8 90

3 l .11 .69 .13 ,1l is6 4.9, Of,, 6. ,, .6 ,,2 .64 .,. -.14 ,.4 ,,,
49 K6 1 6 .31 -.12 -. 6? -. 14 7.5 Us6[ .15 .3.13 .l .12 .46 .4 7,3 s54to Vt3 .1 : .12 .U ,.3 -. 14 7.4 511
1 ..2 .12 .02 1 .66 .6 .a ,.1 I ,,

4. .,I .61 .12 -. 12 7.4 15"
* .6 .12 A.6 . -.24 -2.16 -. So 7.5 tiff

..1 -it .a .6 .- I. .U 7.& ",,,

, .6a ., At .24 .12 .33 t,2 ?. I 666

fi ., .24 .1 .12 ., .5 .4 7.2 1"

u10001 1 U A9 A4 .3 1.15 -1.15 7.4 26
, ., .1 ." .44 .71 .1 .1 7.4 SU

1 1 .. 4 .16 .6A .2 .11 .2 7.4 Uo"

1 .1 .61 .1 5 11 .3 7.! S8!1;
I .1? .9 at .S -.6 -.1R -.41 4.6 1261

fit .1, .3 .16 .X .27 .47 .-s2 4., M

3 U .66 .11 .19 1.15 -1.15 6.9 661
a .19 L.I5 .2 1.21 -. 46 -. 05 .3, 7.5 631
1 .20 't. A .19 L.1s U6 IS if9 7.3 546

[I .19 1.15 314 A6 X3 .24 .6 7.4 566
11 .14 .5 .16 .1 .24 .219 .42 7.1 716

4 , .-9 .N .1, 1.21 -1.21 7.4 1566
* .10 1.21 .16 1.21 .6 .27 7.5 116"

1 .1, 1.21 .12 1.,s -. 14 -. if ."5 7.,
It .12 1.45 ,16 1.21 .24 .17 U ' 16

fit .16 1.21 .16 1.21 , .66,.2 7.2 646
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Table D-5. Selected Metals Extracted by Now Titanium Dioxide Pigment
Production Waste Leacho~te Placed on Titanium Dioxide Pigment
Waste and Davidsnn Soil That were Previously Extracted in
Serial Batch Studies. (Cont.) J~.

VcAL 111TICt LATER 01OLJ.Oq air. P(EIVArIK Wr k~crar~r FIAMONt! ETAIP(C EIAc r ,.pcurijrI,,
04 e/41 e/q "IV I'M TIO CAL pmi tfhIu(WO ;

UN .1 W .60 .66 .33 .46 -.46 7. t
IN 23 .46 04? .14 .33 l1j'. 6

.7 .14 -.6 -. 03 .11 . ~ 2 , ~
ixu -.03 .1j .66 -. 1" 2.34 2.64 .1 6861
[I .3 .06 .03 .66 -.61 -.16 -.15 V'3 ifl

0 -0.0 .01 .11 J2 -.32 7.4 No9
11 .11 .R66 .17 .35 .47 .61 7.6 470
f .66 .1? 6604 .17 1.16 1.16 ?A4 M1
1 Of9 .0 IT .11 -.2 -9419.74 12.V2 6.8 1214

[U .6 1 .69 ,7 .. 7? 6. 641

*.3 .20 .06 .31 -.17 -. 15 .31 7.1 a$
K .06 .31 .3 .16 .22 .9 .11 T.3 S64

if .6U .16 a8 .15 .01 .07 -2.77 ?.4 S3
fit A6 .15 a.6 -.13 .28 IV8 1.12 ?.1 ?10

4 W .06 .06 .02 .27 -.27 7.6 1536
*.02 -2 V6 .42 -.14 -. 2Z .13 ?.5 111$

-a6 .42 .2 .21 .22 SZ n7 7.6 "16
If .62 .26 .6 -.41 A6 3.61 .75 ?.1 tiff
fit -.6a -.40 .06 .n -1,15 2.17 -7.6.1 7.2 666

a W new waste; OW *old waste; I,11,111 designate three batches of soil
each of which were extracted using leachate from the batch above it in the
sequence.
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Figure D-13. Chromium Extracted by New Titanium Dioxide Pigment Froduction
Waste Leichate Placed on Titanium Dioxide Pigment Waste and
Davidson Soil That Were Previously Extracted in Serial Batch
Studies.
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Vigure 0-14. Titanium Extracted by New Titanium Dioxide Pigment Production
Waste Leachate Placed on Titanium Dioxide Pigment Waste aod
Davidson Soil That Were Previously Extracted in Serial Batch
Studies.
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Davidson Soi ihat t Previctý"!v Extutd in Scr-&1 ••gt-h
SudeW. ,

-,. ,



Table 0-6. Selected Metals Extracted by New Titanium Dioxide Pigment
Production Waste heachate Placed on Titanium Dioxide Pigment
Waste and Nicholson Soil That Were Previously Extracted in
Serial Batch Studies.

mEA WrIdCY LA'EI a WEN M~~m r. FEDITIATImf OET 1AINE FIACUMO PETAIN[D EMTACT CiNOLCrzV-
"eq/AL aq/q "/OIL 9/1 C4,/9 Mrs MTAL pH MTO(.alO)

O"wM .66 .11 .07 -4 -. 14 7.6 266
J.? .14 .06 ,12 .62 .14 .14 7.6 566

H A .l6 .2 .61 .12 .66 .46 .6 6.9 1311
Iff .A1l .2 A1I .62 .1A .9 .66 6,7 ?704

2 l .66 .96 .6 .16 -.10 7.4 336
OU .A& .19 .As .15 .63 .17 .16 7.6 476

1 .65 .15 .62 .66 .1I .64 .71 7.1 6bo
.62 66 .11 .13 .13 .5 .36 6., 736

L .61 .13 .12 .t6 -. 13 -1.tl -. 60 6.8 Is6

3 MM .16 .04 .63 .18 -.18 6., his
aM 63 .11 A6s .30 -. 12 -. 6? -. 14 7.5 6a3
1 ,5 .36 .65 .36 .6 .I6 .33 7.Z 566

I J .1 ,1 .02 .12 .18 .16 .55 7.6 620
[U .* .12 .11 .si .66 .q .16 7.2 761

4 01 .0 .61 .,1 .12 -. 12 7, Is6
ft ., .. 3 .AI -.24 -2.06 -.56 7.5 1166
1 .63 .36 .02 .24 .12 .3, .33 7.3 1ies
1 .42 .24 .62 .24 .66 .As .34 7.2 f2I

11 .82 .24 .61 .12 .1Z .s .37 7.3 off

1"~E 09 .6 . .51 1.15 -1.15 7.6 Zoe
OM .3 I.ll .. .44 .71 .61 7.6 566
1 .2 .44. . 21 ,6 .24 "5 .5 7.2 "0

11 16 .21 .11 .21 .66 .As .A6 6.? 166i
1611 .1 .2 ,iI .26 ,As .I .90 6.7 270

2 IW ,1 .10 .Q 1.21 -1.27 7.4 asI
49 1.27 .t71 .64 .64 .56 .5; 7.6 476
.2 .64 .16 .431 -1 .214 .36 7.1 6II

11 .j .46 .10 .31 .16 .39 .26 6.0 731
HIt .11 .31 A1 .31 .11 .0 .66 6.6 Isle

3 i 0 04 Af .Is -Ils6,? 666
0"? 1.1 Is Z 1.21 -.46 -.. 36 Us563

Is 12 .1 127 -6 -As5 .1 7.2 566

Ml ~ 4 161.21 -.21 I

dr .14 1.21 .11 1.21 .66 .01 .27 7.5 11e
1 .16 1.21 .13 1.56 -.36 -.36 -.11 7.3 1666

I .13 1.1 .1 1.21 36 .23 .21 7.2 "1
Iii .16 1.21 .1l 1a,2 .66 .86 .65 7.3 9M6
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Table 0-6. Selected Metals Extracted by New Titanium Dioxide PigmentI
Production Waste Leachate Placed on Titanium Dioxide Pigment
Waste and Nicholson Soil That Were Previously Extracted in
Serial Batch Studies. ('Cant.)

VALE XTRAC LxA TE.~ CW.LIE A~r% PENETRATING NIT REMINDEl FRACTION FETAINED EXTRACT CCN8UCTIV-
Vq 'fit ý:iq eq/011 vq/q Vq/1 THIS TOTAL ON [TIVNMliO)

ALE4 1 t .61 .66 .23 .46 -.46 1.i 166
OM .23 .46 .0 .14 .33 .71 .71 7.6 561

1 .67 .14 .16 At1 .13 .113 .93 7_7 "I6

if .68 .01 .01 .63 -V6 -2.22 -2.22 6. till
fit .11 .63 .64 619 -. 16 -(.9? -1.?? 6.7 ?710

2 0 .66 .66 ,1k .32 -.32 7.4 336
ON .11 .32 .66 .t7 .5 .47 .61 7.8 476

1 .66 .17 -.01 -.60 .17 1.61 .07 7.1 666
It I"6 if4 .1; .16 -.10 116.67 -14.46 6.1 736
fit A:~ A ~ .62 V8 .63 .27 -. 6.8 Is566

3 No .66 .66 .43 .261 -.21 6.? 666
0 .63 .26 .66 .31 -.17 -.IS .31 7'5 6U6
i .66 .31 .67 .42 -. 14 -.12 .37 7.2 546
it .67 .42 ~ -.12 -3f6 .2 1.23 .13 7.6 626

fit -.6a -.16 -. 14 -.23 .13 -1.34 3.65 7.Z 766
4 W .02 .66 I6Z .27 -.27 7.6 1561

ON .42 .27 .63 .42 -.14 -.V2 .13 7.5 1166

it .61 .11 -.04 .41 353 5.35 t.75 7.2 "16
ti .4 -4 1 t 1,2R 16ll 7.3 004

a NW s ne waste; OW a old waste; I,11,111 designate three batches of soil,
each of which were extracted using leachate from the batch above it in the
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Figure 0-16. Chromium Extracted by New Titarium Dioxide Pigment Production
Vaste L'achate Placed on Titanium Dioxide Pigment Waste and
Nicholson Soil That Were Previously Extracted in Serial Batch
Studies.
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S~Figlure D•-17. Titani'o Extracted by New Titanium Di•oxide Pigment Production

] W~Vsts• LUchate Placedl on Titanium Dioxi;de Pigment Waste and.
; ~Nicholson Soil That. Were Previously Extracted in Serial Batch

S~Studi es.
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Figure 0-18. LoadI Extracted by Now Titanium Dioxidle Pigment ProdclJtion
Waste Leachate Placedl on Titanium Dioxidle Pigment Waste
and NicholsonJ Sail That Were Previously Extracted in Serial
Batch Studies.
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Table 0-7. Selected Metals Extracted by Now Zinc-Carbon Battery Waste
Leachate Placed on Chalmers Soil Previously Exposed to Zinc-
Carbon Battery Waste Leachate in Soil Capacity Studies.

IITAL EUXt 6 rV CWAzN M . ~ ~ At. PSETATIE UT KTAUE3 FEACTON P1AIWED EXT1IACT L~g~!
,11 q1 . ,qn/ TNIS TOTAL DoIn 1f(em4J0

JIm I a If6.6 .65 .10 -to ?.4 .
£ .65 .16 .0 A6 .62 .21 .21 ?. 1 23

* S .66 .06 .41 .26 -.26 66
1 .? .24 .17. .20 AS5 .21 -.?I

1 .01 .06 .11 .A7 Sol7¶6
.16 .57 69 AS .02 .03 .16 ?.4 Is#

4 a A6 A6 .01 1.14 -1.14 7.6 6
I ff? 1.14 .J? 1.11 .66 .66 AS5 S. 41

mu i 6 4.14 Lo 4I.X 7.4 71
1 4.14 6.-J 4.23 1.46 to1 -.62 -.62 7.1 ?1

111 .10 A6 1.14 3.42 -3.42 ?.6 66
1 1.14 3.42 1.29 3.66 -.45 -.13 -A6 1.2 47

3 6 .6 .6 .12 .73 -.73 7.1 566
1 .12 .73n 6 .41 .24 .33 -.63 7.4 151

4 U A6 111 U .9 -9 7.4 in
At1 42 A6 .U A6 7.7 546

Iel I m .66 to6 W." rM'.& -"S.4 7.4 71
1 W.94 M5.68 ".09 199.3 57.31 .74 .74 ?% 23

26 IV6 5 4.714 U4.23 -164.03 7.6 66

3 a1 .6 .6 a .&X 41.21 -41.-1 7.? 514
4 .57 41.21 3." 32.16 1.15 .46 .67 7.4 156

4 a .6 111 3.16 37.21 -V7.2 7.4 601
1 3.16 37.21 .46 5.I6 A.63 .15 .68 7.7 546

a flew waste; I - batch of soil.
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Table D-8. Selectad Metals Extracted by New Zinc-Carbon Battery Waste
Leachate Placed on Davidson Soil Previously Exposed to-Zinc-
Carbon Battery waste Leachate in Soil Capacity Studies.

V~AL EXrIACr L AU CO4Iu.EN 'mT rDeTIAIIUCr it INET4e FIACTIOf OETAINED EXTRACT camkC',r-
99/4. "/q1 "/In i! ro TNI$ TQTAL 1# [T(•OAS)

LEA a .II .II .45 .1l -. if .4 7

I ,S5 .11 .,5 .11 .1 .66 .16 6. !2

I1 ,11 .. ,99 .26 -.26 I.6 6
..2 .1? .21 .14 .1? .14 .1

3 0 .II .Al .19.5 --S 7.. sit
1 .19 05 .19 .54 .63 .06 .$I ?.z 140

4 I .41 .64 .99 1.14 -1.14 7.6 611
1. .99 I.1 .1I 1.15 -. 01 -. 1I .l1 ?.4 446

uom I . .a6 A.14 3.81 -1.3 7.4 76
f 4.14 .01 1.92 7.14 .44 .5 .AS 6.? 22

I .04 .01 1.14 3JA -. 42 7.6 6
[ 1.14 3.42 1.23 $.?1 -._ -.N .I1 7.1 5.

3 ml .N .1A .12 .3 -.. 3 ?.9 Sol
1 .12 .73 .3 1.71 -. ff -1.33 -.16 7.2 146

4 w .0 .I .U .97 -.. 7 7.6. 1
..6 .24 .,3 .A5 -.A1 7.4 410

nm 1 .66 .0 51.04 L.6 -MAO 7."L 7.4 791
1 JA.1 17m8 "1M.67 t%.14 579.54 .n .A5 6.? 2

2 l .a .00 54.74 IM6.Zb -14.23 1.6
.14.74 U.4.3 a.6 64.,r4 7.X .61 .72 7.1 S5

I I .111 .61 &. 4t.4 -4..26 7.1 46
f 6.M 41.21 6.7? 46.61 .61 .9t .69 7.2 146

4 a 1 .00 ~ If .21 -P7. 1 7.6 601
! ,111 ,V.21 1.64 12.€ 24.71 .i .61 7.4 4U1

aNW a new w&ste; I * batch of soil.
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T-ble D-9. Selectod Metals Extracted by New Zinc-Carbon Battery Waste
Leachate Placed on Chlmurs Soil Previously Exposed to Zinc-
Carbon Battery Waste Leechats in Soil Capacity Studies.

im a. w EXAit tC OmWADW of. FIKTNTD6 Ut IEUlhI 7IACTNN 6rt*1 EITWACT coUImf-.
,/tq/g V q/I ,"Aq 111 rAL. ON 1TTh(lm)

Li I a .U AN ,o5 .11 -t1o 7.4 41
.•5 .1 .15 .ff .I1 .IS .13 1.4

2 i2 . .X .f .. 5 -.?6 -IS
• .69 .65 .i .22 .64 .i .15 7.1 .•

3 .64 .N .16 .37 -. '
1 .16 .57 .69 .54 .63 .9 .1 ?.5 ISO

4 U .,.6 .ff 1.14 -1.14 7.4 ti
1 .19 1.14 .69 1.14 -. 16 -. 00 . ?.5 41

I U .11 .6 4.14 6.8 4. 7.4 76
I 4.14 $.A 4.6A .1 .18 .62 1 l 6.9 Z

2 .0 ,N6 1.14 3A -L. 7.6 66
1 1.14 3.6 1.18 1.0 -. 4 -. 1 -. 02 7.1 a

3 .0 A .6 ,12 .. n -. 73 7.9 56
1 .1 .73 .14 .1 -. 9 -.37 -.A 7.5 IN

4 a . ,ill ,A6 .9X -.97 7.6
r .. .6 .24 .73 .75 .62 7. 4H6

a. I .00 .66 8 Pwin m -mu 7.4 71

2 m .66 .41 %4.74 144. -m4.3 7.1 #4
1 96A 14.9 I16. ".s a6 a .31 .J1 7.1 '

- 3 I .66 .11 l.U 44,8 -l,.1 7.9

I 6. * 4A 371 21.4 1It" ft .6 7.5 M

10 ,A6 .A6 L.14 .21 -1.1 7.4 6"
1 3.0 iV . 67 3.4 .77 .i 1A 411

NW - new waste; I a batch of soil.
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Table 0-10. Selected Metals Extracted by New Titanium Dioxide Pigment
Production Waste Leachate Placel on Chalmers Soil Previously
Exposed to Titaniuw Dioxide Pigment Waste Leachate in Soil
Capacity Studies.

coo" I a .66 .06 .67 .14 t.4 246•M C~l~ L4TISP a Mr PE•,.•iaF1K Mr icraj| FACIC *~z• T~AZ[( EcTrA1 COICrI':-

..67 .14 .6 .12 .12 .14 .14 246

N 6 6 .66 to-1 . 3
1 .64 -16 ,IS .15 ,f3 .17 ,11 ",6 '16

3 .01 ,l6 .6 .16 -. 11 S.? 01,

4 111 .01 'it L2 -. 12 7, i IMll
f .12,I .II .l2 .ll .11 .1 7.4 IMl

,.15 .4 .0; .1 25 .2S ,. 24,

A .1 .1! .42 1.27 -1.27 7.4 in
.41 1.V .3 1.66 .27 .21 .Z1 7.1 416

.36 .A6 .19 1.1S -1.15 6..9 "
, 1.15 .. 24 .21 .22 7. ,"

.16 I.ii .16 1.11 ,6 .I .17 7.4 1101

U i Q* , ,66 .21 .41 -. 46 7. 266
X .1 .4 a1s .27 .26 .42 .42 0.7 24

d ..At ,I . -.32 7.4 336
1 .11 ,,I .11 ,2R -. 00 -. UI ,14 7.6 416

S a . . .A, .26 -.2l 6M9

A .A5 .fl -. C: -. 06 .X7 1., .47 7.6 51

4 ,j .34 .A At -. 27 7.6 1566

1 .12 .Z7 -. 01 -.67 .54 1l, .4 7.4 1166

;* waste; I * trhe1 of soil.
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TWO~1 D-11. Selected Hoetls Extracted by New Titanium Dioxide Pigment
Production Waste Leachate Placed on Davidson Soil Previously
Exposed to Titanium Dioxide Pigment waste Leachate in Soil
Capacity Studies.

OdrAi Egn-Cr LAWD MU MT. Peurng Ot RETADO FIKcrI of raND (%TKIIACNINCmerv-
W W1,l W,q~s W1/ ms VINS or pm 1fl(wmiW

omeiA X 3 6 66 ? .4 -314 7.6
1 .17 .14 AS .16 .64 .29 b2 .9 236

A 6 .66 .11 -.11 19.4 111
A 6 .11 ~ .12 .6 .331 7.6 M1

3 S 66 .6 .1 .11 -.166.? 666
I 61 .3 .2 .12 .66 X3 .9 ?.2 546

4 U A6 6 .01 .11 -.12 71.6 15K
1 .1 .12 .62 .24 ..12 -1.66 .16 7.1 1456

r1uMM I M? A6 A6 .90 1.1S -1.15.6 2
.9 LI AS . -a A6 2 .25 .21 6.1 zX

A A 6 6 .41 1.27 -1.27 7.4 i
1 .42 1.M .34 1.6 .24 .11 .22 7.6 416

A A 6 6 .19 1.15 -1.1$ 6.9 666
C .9 1.15 .16 1.11 .06 .6M .16 7.2 S"

4 U A6 A6 .16 1.21 -1.21 7.6 Is"

1 .16 1.21 .11 01. -.12 -.16 1 7.1 t4M

Lad a a A6 @16 . .46 -. 4 7.6 266
1 .21 .66 AS A3 .16 .34 .34 6., 231

2 U A6 A6 .11 .32 X. 7.4 31
1 .11 .2 .13 .3? -X6 -.11 .12 7.6 416

3 a A6 A6 A6 .21 -.21 6.9 666
£ .3 .20 A6 .16 Its .23 .14 7.2 SN1

4 A 6 6 .02 X2 -.27 7.6 1916
1 .62 X2 A6 .12 .26 . 14.1 7.1 14S1

*now waste; I *batch of soil.
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Table 0-12. Selected Metals Extracted by New Titanium Dioxide Pigment
Production Waste LeachAte Placed on Nicholson Soil Previously

Exposed to Titanium Dioxide Pigment iWaste Leachate in Soil

Capacity Studies.

tNtAL £It9t LA?1PA OW.LVIZ mt. Kw~eei[c vr 9ftAtiD "AMrON PErAINI EX-RACT L-VCT~I"-
,L 4/ qfiL "0/1 .4/; lE!S TUTA•. WSl P TYPIWy Sl i

iCAPtrE. 1 U .i6l .t6 .6"? .1 -. 14 ¶,, zee
[ ,.17 .01 .17 .12 .42 .14 714 6.1 215

2 64 .66 ,II .A6 .16 -.IL .04 .336

11 .6 .! .94 .12 .06 .33 !S S.1 20

3 UI .9 .66l .6l3 ,ll ".16 6.9f 699

1 .6 .11 .12 .12 .66 .53 .-W 6.6 541

4 U ,6 .61 A91 A12 -. 12 N.6 156
1 .91 .12 .12 .00 .04 .3 ?'.6 13i6

MA .N 1.1 .0 1.63 .1I .11 .1.1 290

rt i u .. 9 ..6 .3 1.1. 19 1

2 U .00 .,0 .42 1.27 -1.27 7.4 Ul
V .2 .3 .45 is .24 6.1 in

U .LI .S .19 1.1 -I.1I 4.1 6o
I .19 1.1 j4 .1 .-6 .-a .25 6.6 546

4 . .A .JO 1.21 -1.21 7.& is"
I .1A 1.21 .'1 0 .2 . 6 .11 7.6 Is"

a U .69 .A A .% .46 -. 6 7.6 269
1 .21 .46 .99 .19 .2? .59 .59 6.1 2

I I A. .il 3 -.36 7.4 336
U -S1 t36 .19 .ff .63 .99 .. 9 I.S O

U .0 .0 .$S .21 -.26 6.9 669
f .a3 .2 -.6IJ -. 20 .49 1.99 .71 6.6 54s

4 .a .N .4 . -. 27 7.6 1516
I .62 .a7 .2 .Af .00 .29 .62 71. 138

aV - new waý.te; I a batch of soil.
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APPENDIX E

RELATING BATCH ANO COLUM4N PROCEDURES TG THE FIELD

AN INCREMENTAL INTERPRETATION OF' LEACHINGI

If a bed of waste is visualizmd as being divided into thickness incre-
aefts. and if the leachant is 0ilvided into volume increments, a thickness-
by-slutlon volume arroy can be constructed that will allow depictiiig the
progress of leaching. Swhf a diagram helps showu the extent to whiCh batch
and column waste leaching procedures simulate the f~ed s1tUation.

* A thickness incremet cari he taken to be one batch W` the length of a
column., and a volume increment ctcn be one2 batch extraction, one day's

leaching in a column, or one We vouae. Different cross-hatching patternsI
and the Oiffering distribution coeorfie~ntsand concentrations in Figure E-1
@"hsize thast the passgep of loachate changes the waste and/or soil and that
the differing waits and soill incritaon+, Nave different effects on the
leach4ate, This cascading inter~&L,ýion causes the composition of every
increment of voh~ee to diff~er froma each of the others.

WHAT !S S-IrLAYTE-O BY C-NW PRWDUIRES

Telenjthi of the calmn is the thickness of the increment that is
avaluated in a LasWe coluws. procedure. An average concentration and
distribution ecafftcivint 1: obtained for the volume 09st is mixcd toqvthrer io
the saspl~mg battle. F'igure E-2 snows that a changed increment of waa~e
soil greets the next increment o* lechanA. that flows into the' column.
series of n volume increments will give a harizontal set of such pictulreý,
No ln~foroati m- is obttained aonut vhat happens at greater depths.
Extrapolation can~iot be prues~md to be possible. A stacked saerieý of colu~mn
would be required to obtaiin data cocerý)ing th'e bed and th%- ltr-ýhact deeper
in tne waste or soil.

WHAT IS SIMULATED V~3 SATCH

A sinqla extractionr' be,ý test c~an b,,, r epresent ed b', t;i '!-inu part

pictures slmil~r to thtp techniques. Tre ndd
extractio~n proced~ure ý.mpoyevd in ithrii ý or Aii5.% Lrhe samee
llquid-to-solid ratia wile investigating grý.,tpr Th~~h lis procedure
can also be depic~teo as fi* Piguitol E-4.
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Volumes Incuement i

Lemeehot 00 Leachent 00
Thokneete•

A KZAj"KI

L'eOMh At Leoehaete A2

Feigure E-1. Each Increment of Leachat, and ofa hor Soi

Secaoge Different from Every Otlte• Ircrement.

-FAX

.47601 :Cs W&I



nV

• •tU*hftA sach:•a~ts ' • •• AZ°

At Z2

, g.E -2. A Coluan Procedure investigateý, One Increment
of Depth.

Wt i

L.'achu: 00 Leachont 00 t
C' A@1

A A

L't1ttte At Leoc•ote AZ

SAt _At•,~•,.

Figure E-3. Single or Snqup.ntial Batch Procedures Normally

Inve.stigate One Increment o,6 Depth, 
.... ...
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Repeated extractions
I /z 342 , 3, 6, 12 ,ete. mIs/'g

.1 200, 300, 600, 1200, etc. mis

A 100s,

-3

150, 225, 450, 900 sfl1

SB 7S•

100, 150, 300, 600 mis

C

S 50, 75, 150, 300 mlsI

F!gui'e E-4. A Graded Serial Batch Extraction Procedure
That Maintains a Constant Liquid-to-Solid
Ratio at Increasing Depths.
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COWARING LABORAT9RY PROCEDURES WITH THE FIELD

Procedures employing Soxhlst extractions; extractions employing
excessive liquld-to-solid ratios, excessive contact times. or vigorous mixing
that breaks up aggregates; operating columns with accelerated flow or with up
and then down flow: using sloplified artificial leachants or buffared
leachents -- all these can yield distribution coefficients and concentrations
that do not represent any location in the field.

When a sample is taker in the field and brought to the laboratory for
the purpose of running validation tests on bitch or column procedures, the
already partially-leached samplo of waste should not be extracted by water,
because the result will not represent any real field situation and should
not be used for comparisons. A study of Figure E-5 will show why the waste
sample should be leached with leachate obtained at that same depth.

Volume Increment I
C.

Tnickness 1as Leachgflt 00 ?

A

Leachate Anl

Leochate Sn

Leanhaet cfl
z

Figure E-5. Take Samples of Waste and Leachate from the
Same Increment for Valid Comparisons.
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